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ABSTRACT 
Wheat (Triticum aestivum L.) and groundnut (Arachis hypogaea L.) are 
important winter (Rabi) and summer (Kharif) crops of Pothwar region of the Punjab 
province of Pakistan. Yield of these crops is low due to various limiting factors 
especially uncontrolled weeds. Weed control through herbicides is posing serious 
threats to natural environment. It is needed to decrease dependence on herbicides for 
weed control and sustainable environment management. Allelopathic crops have 
potential to reduce herbicide usage in agro ecosystem. Field experiments were 
conducted at Research Farm of Pir Mehr Ali Shah Arid Agriculture University 
Chakwal Road Rawalpindi to determine effects of allelopathic crops water extracts and 
their combinations with herbicides on wheat and groundnut crops under rainfed 
conditions during 2009-2011. Nine weed control treatments were arranged in 
randomized complete block design with four replications. 
Weed control treatments reduced total weeds density, fresh and dry weights of 
weeds during both years in wheat crop. Amongst treatments, allelopathic crops 
[Sorghum (Sorghum bicolor L.) and sunflower (Helianthus annuus L.)] water extracts 
alone and their mixture reduced total weeds density, fresh and dry weights by 30, 31 
and 32%, respectively. Herbicide [Atlantis® 3.60 WG (mesosulfuron + iodosulfuron)] 
at recommended dose (14.4 g a.i. ha-1) and combinations of sorghum and sunflower 
water extracts with its lower rates (3.6, 7.2 and 10.8 g a.i. ha-1) reduced weeds 
dynamics between 66 to 70%. Hand weeding reduced weeds to higher extent (84-87%) 
but it was labour intensive and costly method.  
xxv 
 
Higher values of leaf area, leaf area index, total dry matter accumulation, crop 
growth rate, net assimilation rate and relative growth rate were recorded from 
combination of sorghum and sunflower water extract with Atlantis® @ 10.8 g a.i. ha-1 
(75% of full dose) and Atlantis® @ 14.4 g a.i. ha-1 (full dose). These treatments also 
produced more number of fertile tillers per unit area, grains per spike and grains yield. 
Crop extracts mixed with 75% dose of herbicide improved wheat grain yields upto 
46% which was comparable with herbicide at full dose and hand weeding. The 
maximum protein (15.32%) and starch contents (54.22%) were recorded from weedy 
check and hand weeding, respectively. Economic and marginal analyses revealed that 
crop extracts mixed with 75% rates of herbicide exhibited the highest net benefits. 
Allelopathic extracts mixed with lower rates of Atlantis® gave higher marginal rate of 
return (423-532%) while other treatments were dominated due to lower marginal net 
benefits. 
Different weed control treatments decreased weeds dynamics in groundnut 
during both seasons. Herbicide application at full rates (Haloxyfop 10.8 EC @ 108 g 
a.i. ha-1), allelopathic crops extracts [Barley (Hordeum vulgare L.) and brassica 
(Brassica campestris L.)] and their mixtures with reduced doses of haloxyfop 
decreased total weeds density in the range of 33-38%, 1-16% and 18-39%, total weeds 
fresh weight between 12-25%, 5-19% and 14-36% and total weeds dry weights 
ranging 13-26%, 6-20% and 14-38%, respectively. Combination of 75% dose of 
herbicide with allelopathic crops extracts reduced total weeds density, total weeds 
fresh and dry weights by 39, 36 and 38%, respectively. Although hand weeding 
controlled weeds biomass by 74% but it was a costly approach.  
xxvi 
 
Barley and brassica extracts combined with haloxyfop @ 81 g a.i. ha-1 (75% of 
full dose), full dose of haloxyfop (108 g a.i. ha-1) and hand weeding enhanced leaf 
area, leaf area index, total dry matter accumulation, number of pods per plant, kernels 
per pod and pods yield. The maximum pods yield was recorded from hand weeding 
(1526 kg ha-1) followed by crop extracts mixed with 75% dose of herbicide (1409 kg 
ha-1). Oil contents were not affected significantly by different weed control treatments. 
Economic and marginal analyses showed higher net returns from lower herbicide 
doses combined with allelopathic crops water extracts. These treatments gave 37-
943% marginal rate of return while all other treatments including hand weeding were 
dominated due to less net benefits.  
The study concluded that allelopathic crop water extracts mixed with low rates 
of herbicides (50-75% rates of full herbicide dose) can be used for economical weed 
control and improvement of wheat and groundnut yields. 
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Chapter 1 
INTRODUCTION 
Wheat (Triticum aestivum L.) and groundnut (Arachis hypogaea L.) are 
important crops of Pothwar region of Punjab. Wheat crop was grown on 8.69 
million hectares in Pakistan producing 24.23 million tons wheat grains. Rainfed 
agriculture contributes one third (1/3) to total domestic wheat production. Average 
yield of wheat in Pakistan was 2787 kg ha-1 which is lower compared with other 
advanced wheat producing countries (Anonymous, 2013). 
Groundnut was raised on 82.9 thousand hectares with 67.8 thousand tons 
total production. About 80% area of groundnut lies in Pothwar region (Attock, 
Rawalpindi, Jhelum and Chakwal districts) which contributes 66% towards 
national groundnut production (Anonymous, 2007). It is an important cash crop of 
Pothwar region. It is consumed as roasted seeds and its straw as feed for livestock. 
Average groundnut yield of Pakistan (818 kg ha-1) is lower than average world 
yield which is almost double as compared to Pakistan (Anonymous, 2011). 
There are many factors contributing towards yield reduction i.e. un-
availability of certified seed, late sowing, poor nutrition and plant protection etc. 
Weeds infestation is one of the major causes of low yields of these crops. Weeds 
decrease the yield of wheat by 20-50% (Hussain et al., 2012) and this loss can go 
upto 70% in groundnut (Drennan and Jennings, 2006). The yield in wheat can be 
enhanced by 38%, if weeds are managed properly (Mahmood et al., 2012). 
A diverse weed flora recorded by Chaudhary et al. (2011) under irrigated 
conditions included bird‟s seedgrass (Phalaris minor Retz.), wild oat (Avena fatua 
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L.), common lambsquarter (Chenopodium album L.), common vetch (Vicia sativa 
L.), burclover (Medicago polymorpha L.) and broad leaf dock (Rumex dentatus L.). 
Similarly, the weed species found in rainfed wheat included field bind weed 
(Convolvulus arvensis L.), Fumitory (Fumaria indica L.) and canary grass 
(Phalaris minor Retz.) (Awan et al., 2012). Riaz et al. (2007) found Cynodon 
dactylon, Echinochloa colona, Digera arvensis, Cyperus rotundus, Sorghum 
halepense and Trianthema monogyna as important kharif weeds under Pothwar 
rainfed conditions. The weeds prevalent in the Pothwar region are playing havoc 
with the production of crops and depletion of its scarce water reserves. These 
compete with crop plants for nutrients, water, light and space along with 
deteriorating quality of the produce (Hamma and Ibrahim, 2013). These also 
interfere in soil preparation and cause damage to farm implements. 
Manual, mechanical, cultural and chemical methods for controlling weeds 
are commonly being used by the farmers. Chemical method has gained popularity 
during past few years due to its effectiveness, quick response and decreasing farm 
labour. Chemical herbicides application depends on climatic conditions and 
availability of moisture. Although herbicides provide satisfactory weed control yet 
their use poses environmental and health hazards (Richard et al., 2005; Sanderson 
et al., 2001) along with affecting the quality of produce (Nazarko et al., 2003). It 
also causes herbicide resistance in weed species (Preston, 2004). Resistance of 
canary grass (Phalaris minor) to isoproturon has been reported (Chhokar and 
Malik, 2002; Singh, 2007). There is need to decrease herbicide usage and harness 
other means to cope with the risks involved with herbicides.  
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Allelopathy is an environment friendly approach offering a great potential 
to manage the weeds (Duke et al., 2001). It deals with the direct influence of 
allelochemicals produced by one living plant on the growth and development of 
neighboring plant species (Minorsky, 2002). Allelochemicals exist in conjugated 
forms in most plants and in vegetative as well as reproductive tissues (Weston and 
Duke, 2003). The discharge of these chemicals in environment occurs through 
dissolution of toxins in water from fresh or decomposed plant residues (Narwal, 
2004). It has been reported that allelochemical production by crops was enhanced 
under stress environment including temperature, nutrient, moisture and radiation 
stress. These conditions increase the allelopathic potential of crops to interfere with 
other species (Blanco, 2007; Maqbool et al., 2013).  
Sorghum herbage incorporation in soil and sorghum water extract 
application can decrease fresh and dry weights of weeds and increase yield of 
wheat upto 30% (Ashraf and Iqbal, 2006). It produces eight phenolic acids and 
three aldehydes with three phenolics in abundance (Sene et al., 2001 a). Sorghum 
water extract suppressed density and dry weight of Chenopodium album, Avena 
fatua, Phalaris minor, Rumex dentatus and Convolvulus arvensis by 21-38% and 
26-48%, respectively (Cheema et al. 2002 a). Sunflower (Helianthus annuus L.) 
contains p-hydroxy benzoic acid, cinnamic acid, syringic acid, vanillic acid and 
ferulic acid (Anjum and Bajwa, 2010 a). These allelochemicals have strong 
inhibitory effect on seedling growth, flowering and nodulation of Vigna 
subterranean (L.) Verdc. (Batlang and Shushu, 2007) and on germination of 
mustard (Sinapsis alba) seedlings (Ciarka et al., 2009). Sunflower residue 
incorporation decreased population and dry mass of weeds and increased yield of 
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wheat (Alsaadawi et al., 2011). Sunflower extracts inhibited growth of grasses and 
broad leaved weeds common in wheat (Naseem et al., 2009). Brassica species 
contained glucosinolates in higher quantities (Branca et al., 2002), when 
hydrolyzed to isothiocyanates, have suppressive effects on weeds (Warton et al., 
2001, Gimsing and Kirkegard, 2009). Water extracts of Brassica napus, Brassica 
juncea and Brassica rapa affected germination and growth of sunflower according 
to concentration gradient (Jafariehyazdi and Javidfar, 2011). Barley crop residues 
incorporated in soil and barley crop water extract have inhibitory effect on selected 
weed species. It produced phytotoxic substances to suppress weeds dry matter 
production (Ben-Hammouda et al., 2001). Analysis of barley water extracts 
revealed presence of five phenolic acids including hydrocinnamic acid, coumaric 
acids, and coumarins (Chon and Kim, 2004). Barley residues inhibit germination 
and growth of green foxtail (Setaria viridis), quack grass (Agropyrum repens) and 
thorn apple (Datura stramonium) (Ashrafi et al., 2008 a, and 2009, Daliri et al., 
2011). Chon and Kim (2004) examined growth inhibition in Eclipta prostrata L. 
(eclipta), Echinochloa crus-galli Beauv. (barnyard grass) and Medicago sativa L. 
(alfalfa) with application of barley water extract. 
Spray of allelopathic crop water extracts helped to suppress the growth of 
weeds (Cheema et al., 2000 a). Einhellig (1996) suggested that allelochemicals can 
act additively or synergistically when applied together. Similarly Ashraf and 
Naeem (2005) found that combination of sunflower and sorghum aqueous extracts 
suppressed weeds density, fresh and dry weight of weeds stronger than their sole 
extracts. Furthermore, allelochemicals and allelopathic extracts can be utilized with 
reduced herbicides doses to achieve better control of weeds (Jamil et al., 2005). 
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Farming in Pothwar region is rainfed and resource poor, so it is difficult to 
afford expenses of herbicides. Agriculture in the area depends mainly on moisture 
supplied by rainfall. There is need to develop economically viable strategy to 
control weeds under such circumstances. Most of the work reported earlier has 
been done under irrigated conditions. There is a research gap to study allelopathic 
crops properties against rabi and kharif weeds under rainfed conditions. It was 
hypothesized that allelopathic crops water extracts can reduce reliance on 
herbicides to manage weeds in rainfed crops.  
The study was executed with the following objectives: 
1. To determine the sole and combined effects of different crop water 
extracts with each other and with low doses of herbicides on weeds, 
wheat and groundnut. 
2. To develop economical weed management strategy in rainfed wheat and 
groundnut crops. 
3. To use farm produced resources efficiently and reduce the expenses on 
herbicides. 
The study is expected to deliver the following outcome: 
The finding of this research work will help the scientists and farmers to 
use allelopathic crops alone or in combination with herbicides (at lower 
rates) to manage the weeds. 
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Chapter 2 
REVIEW OF LITERATURE 
2.1 CONCEPT OF ALLELOPATHY 
Ability of some plants to affect adjoining plants either ways was known 
since long but for the first time this phenomenon was termed allelopathy in 1937 
by Hans Molisch, an Austrian plant physiologist (Bhadoria, 2011). Allelopathy has 
been derived from Greek words „allelon‟ and „pathos‟ meaning mutual sufferings. 
It is defined as beneficial and harmful effects of chemical interactions between 
plants and microorganisms. Singh et al. (2001) described it as any effect (direct or 
indirect) of a plant on others through release of allelochemicals. The broadened 
definition of allelopathy is a process involved with production of secondary 
compounds by plants and microbes influencing growth and development of 
biological systems except animals (Alagesaboopathi, 2011). 
Mechanism of plant interference through addition of secondary plant 
metabolites (allelochemicals) to the environment by live or dead plants is called 
allelopathy (Bhowmik and Inderjit, 2003; Bogatek and Gniazdowska, 2007). It is 
often confused with resource competition but in reality these are two forms of 
plants interaction. Competition is the interference with growth and development of 
neighbouring plants through utilization of essential natural growth factors 
(moisture, nutrients, light, space) (Macias et al., 2004). Growth of Bahiagrass 
(Paspalum notatum) was inhibited in a soil impregnated with gallic acid and 
hydroquinone produced by Polygonella myriophylla. The pattern of growth was 
density dependent being less affected at higher densities due to dilution of 
 
6 
7 
 
allelochemicals per plant which distinguished allelopathy from resource 
competition. Similarly, soil collected around black walnut tree (Juglans regia) 
suppressed growth of tomato (Lycopersicum esculentum) depending on its seed 
density compared with normal soil. Black walnut soil reduced total dry weight of 
tomato by 62% at 5 weeks but effect decreased with time due to degradation of 
allelochemicals (Weidenhamer et al., 1989). Modelling of plants interference of 
two species (Lolium rigidium Gaud and Glycine max Soya L.) in different density 
settings with chemicals explained that apart from resource competition, density 
dependent effect of chemical was responsible for the observed characteristics of 
plants (Emeterio et al., 2007). 
Herbicide application produces problems of herbicide resistance, 
environmental pollution and human health hazards (Narwal, 2000; Macias et al., 
2004). Alternative weed control technologies are being employed to reduce 
emerging environmental concerns (Bhowmik and Inderjit, 2003). Allelopathy helps 
to reduce environmental pollution, health hazards and dangerous synthetic 
chemicals (Khanh et al., 2005). It offers alternative technology for managing 
weeds (Duke et al., 2001). Plants have their own defense system and certain 
allelochemicals may act as natural herbicides. Allelochemicals are useful 
alternatives to avoid abuses of herbicides and cultural practices (Macias et al., 
2003). Although it is difficult to eliminate herbicides but their usage can be 
reduced through allelopathy (Bhowmik and Inderjit, 2003). Allelopathy can be 
used by several ways in weed management i.e. cover or smother crops, crop 
rotation, mulching or incorporation of crop residues (Macias et al., 2004). 
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All kinds of plant tissues contain allelochemicals which escape into the 
surroundings through volatilization, degradation and root exudation. The structure 
and mode of action of allelochemicals are diverse which can help to develop new 
herbicide for future (Weston and Duke, 2003). These compounds are 
toxicologically and environmentally benign and can help to discover new 
molecular target sites for herbicides (Duke et al., 2001). Inhibitory and stimulatory 
effects of allelochemicals can be employed to manipulate crop growth and 
development. They can act as model to synthesize new chemicals for sustainable 
crop production and balanced ecosystem (Macias et al., 2003).  
Weeds and crops can produce allelochemicals those affect the growth of 
neighbouring crops or weeds in agricultural system. This action helps to prosper 
one species in an environment that can produce allelochemicals to manipulate 
growth of other species. This caused dominance of particular species in an 
environment (Weston and Duke, 2003). Allelochemicals produce their effect on 
plants (stimulatory or inhibitory) according to their concentrations in the 
environment. In density dependent toxicity models inhibition occurs at lower plant 
densities but phytotoxic effect become stimulatory as density increases. Biomass-
density relationship shows stimulation of growth at low chemical concentration as 
compared to control (Sinkkonen, 2001). 
Crops like sorghum, wheat, maize, rye, rice, sunflower, buckwheat and 
alfalfa are phytotoxic to weeds upon decomposition of their residues in soil. These 
crops can be utilized as mulch, cover crops, green manure and in rotations to 
suppress weeds, pathogens and establish sustainable agriculture production system 
(Khanh et al., 2005). Cover cropping by rye, wheat, sorghum and barley controlled 
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weeds upto 95% from 30-60 days following the treatment. Residues suppressed 
weeds by physical and chemical processes. The physical effects of cover crops 
were shading and reduction in soil temperature. Chemical processes included 
production and release of toxic microbial products (Putnam et al., 1983). 
Inclusion of maize, sorghum and pearl millet in rice wheat rotation before 
rice decreased the weeds population in rice crop. Pearl millet controlled weeds upto 
first 45 days of rice crop. Similarly, replacement of wheat crop with berseem and 
oat inhibited winter weeds. Inclusion of these allelopathic crops in rice-wheat 
system decreased the reliance over herbicides and helped to develop sustainable 
practices (Narwal, 2000). Sorghum, sunflower, oats, wheat and rye may provide 
weed control and crop stimulation by their residues. In 4 year study, there was no 
difference found in weed biomass with and without herbicide application in 
sunflower experiment. Strip cropping including sorghum and soybean reduced 
weed biomass and density significantly in sorghum strips than soybean (Einhellig 
and Leather, 1988). Phytotoxicity of three grasses including barley, wheat and oat, 
and rapeseed straw was studied on barley crop. Slow seedling development in wet 
seed bed was due to phytotoxicity of both microbial and plant origin compounds. 
Hot water (100 0C) soluble extract of residues contained phytotoxic chemicals but 
it caused less phytotoxicity compared with microbial products, especially acetic 
acid, produced from anaerobic metabolism of insoluble polysaccharides (Harper 
and Lynch, 1982). 
Allelopathic crops also offer potential to develop new cultivars resistant to 
weeds and other biotic forces (Weston and Duke, 2003). Allelopathic traits can be 
introduced in crops to improve their allelopathic potential for suppressing weeds 
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and producing biological herbicides (Khanh et al., 2005). Genetic engineering can 
play a great role to improve the production of these natural compounds in crops for 
better weed management (Duke et al., 2001). Allelochemicals isolation, 
identification and bioassays helped to know their chemical nature and mode of 
action (Macias et al., 2003). Phosphinothricin and bialaphos-microbial products are 
commercial herbicides. Similarly, triketones are natural plant products. They have 
new herbicidal target sites. These natural compounds have been obtained from 
microbes especially non pathogenic (Duke et al., 2000). Isolation of bialaphos and 
tentoxin showed bacteria and fungi as good source of biologically active 
compounds (Einhellig and Leather, 1988). Allelochemicals can affect growth of 
neighbouring plants by oxidative stress induction. Sunflower phytotoxins disturbed 
phytohormonal balance and reactive oxygen species produced in germinating 
mustard seeds. Reactive oxygen species caused peroxidation of membranes. 
Disturbance in phytohormone level decreased metabolic activity of embryo and 
caused blocking of seed germination and growth (Bogatek and Gniazdowska, 
2007). Benzoic acid disorganized root cells with irregular shape of mustard 
(Brassica juncea L.). It dissociated middle lamella and disrupted different cell 
organelles (Kaur et al., 2005). 
2.2 ALLELOPATHY OF SORGHUM  
Sorghum is a known allelopathic crop which has toxic effects upon 
germination as well as growth of other plant species. Allelopathic and bioherbicidal 
ability of sorghum have been documented by many scientists (Al-Tawaha and 
Odat, 2010; Cook et al., 2010; Khaliq et al., 2012 a). 
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A number of allelochemics have been identified from extracts of sorghum 
plant parts and from soil inhabited by the crop. Eight phenolic acids and 3 
associated aldehydes were identified through chromatography. Ferulic acid and p-
hydroxy benzoic acid were the most abundant. Total amount of these compounds 
reached to 2.6-3.2 mg g-1 for aerial parts and 2.8-3.6 mg g-1 for roots. All these 
phenolic acids were recovered from soil samples. The variability in plant phenolic 
contents seemed more due to climatic than soil factors (Sene et al., 2001 a). Plant 
parts of three sorghum hybrids varied in production of p-hydroxy benzoic acid, 
vanillic acid and ferulic acid (Ben Hammouda et al., 1995 b). Total phenol pool 
ranged between 4-156 Kg ha-1 in above ground parts and 1-16 Kg ha-1 in roots of 
sorghum (Sorghum bicolor L.). A close positive correlation was found between 
phenol pool and aerial biomass (r= 0.95) and roots biomass (r=0.91). Better 
Nitrogen nutrition increased both phenol pool size and concentration. Grain yield 
was also positively correlated with phenol pool. Environmental factors increasing 
sorghum growth and grain yield also enhanced total phenol quantity in aerial parts 
(Sene et al., 2001 b). 
Rhizosphere is the site of multiple activities in soil matrix. Roots influence 
soil structure and aeration. The ongoing biological activities in soil are a major 
source of organic inputs in rhizosphere and also deplete large quantities of 
inorganic compounds. Through exudation of a variety of chemicals, roots impact 
the soil microorganisms in their vicinity and support beneficial symbiosis. These 
chemicals alter soil characteristics either physical or chemical and affect adjacent 
plants growth (Bertin et al., 2003). Sorghum roots exuded sorgoleone from living 
root hairs which are toxic to grasses and broad leaf weeds at concentration of 10 
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µM (Yang et al., 2004). Sorghum roots also exuded phenolic acids which 
contributed its allelopathic potential (Ben Hammouda et al., 1995 a).  
Sorghum produced phytotoxin a benzoquinone, sorgoleone and resembling 
compounds from root hairs (Dayan, 2006). Sorghum accessions produced 2 mg 
root exudates g-1 fresh roots and partitioned into 4-6 components. Out of these 
more than 85% was sorgoleone (Czarnota et al., 2001). Uddin et al. (2010) 
suggested methanol as an effective solvent for extraction of sorgoleone from 
sorghum roots. Young and developing plants produced more quantities of 
sorgoleone. Maximum concentration was produced by 5 day old seedlings. 
Sorghum seeds treated with auxin, Hoagland solution and their mixtures increased 
sorgoleone concentrations by 6.1- 14.2 times than control.  
Accumulation of sorghum exudates on root tips suppressed secretions but 
its washing stimulated for more production of benzoquinone and resorcinol (Dayan 
et al., 2009). Sorgoleone is toxic at extremely low concentration (Einhellig and 
Souza, 1992). It inhibited radicle length at higher concentrations (500 µM) in 
bioassays. It was highly phytotoxic to Digitaria sanguinalis (crab grass) shoot 
growth and it inhibited shoot as well as root growth in Abutilon theophrasti (velvet 
leaf) and Echinochloa crus-galli (barnyard grass). Ipomea hederacea (ivy leaf) was 
tolerant to this phytotoxin (Nimbal et al., 1996). Cytoplasmically dense root hair 
cells in association with smooth endoplasmic reticulum produced small globules of 
cytoplasmic exudates and deposited them between plasmalemma and cell wall that 
coalesce to form large globules. These pass through cell wall to form droplets near 
tips of root hairs (Czarnota et al., 2003 b). Sorgoleone is biosynthesized in root 
hairs involving polyketide synthase activity that uses acyl-CoA to form 
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pentadecatrienyl resorcinol an intermediate. After a series of changes involving 
enzymes it changed to sorgoleone (Bearson et al., 2008). Conversion of acyl CoA 
into lipid resorcinols took place in root hairs. Enzymes like methyl transferase and 
hydroxylases catalysed processes to produce these chemicals. Hence, root hairs 
worked as special cells for synthesis of biologically active secondary metabolites 
(Dayan et al., 2007). 
Growth of root hairs and their development is linked with presence of 
sorgoleone. The temperature considered optimum for sorgoleone production and 
root growth was 30 0C. Seedlings grown below 25 0C and above 35 0C produced 
less sorgoleone. It was also sensitive to light. Exposure to blue and red light 
decreased sorgoleone by 50 and 23%, respectively. Sorgoleone level of plants 
treated with root crude extracts of Abutilon theophrasti Medik (velvet leaf) 
increased. It suggested that seedlings of sorghum responded to other plants by 
exudating more quantities of the allelochemical (Dayan, 2006). Jasmonic acid and 
methyl jasmonate promoted root hairs formation, root weights and sorgoleone 
accumulation in sorghum. Sorgoleone contents varied with concentration and 
duration of jasmonates application (Uddin et al., 2013). Sorgoleone inhibited 
photosynthesis of germinating seedlings but not affected older plants (Dayan et al., 
2009). It exhibited phytotoxicity at micromolar concentrations with marked 
selectivity (Nimbal et al., 1996). It impaired uptake of nutrient and water affecting 
process of proton pumping across root hair plasmalemma. It decreased nutrient 
utilization in soybean and H+-ATPase activity in corn roots (Hejl and Koster, 
2004). 
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Allelochemicals have an inhibitive effect on respiration. Glycolytic 
enzymes showed decreased activity in presence of phenolic compounds like p-
coumaric acid and protocatechuic acid alone or in combination. This was 
secondary effect of these chemicals which might have caused protein changes. 
Allelochemicals (Quinone and phenols) produce reactive oxygen species (ROS) 
which influence membrane permeability, damages proteins and DNA. Membrane 
permeability increased leading to cell death (Weir et al., 2004). Allelochemicals in 
soil are degraded through different agents (Gimsing et al., 2009). The phytotoxic 
effects of sorghum can be reduced by incorporation of residues soon after 
harvesting to facilitate its early decomposition in soil. No tilled sorghum fields did 
not affect wheat stand but decreased yields due to slow decomposition of 
allelochemicals. Tilled fields delayed emergence but did not affect final yields 
because allelochemicals disintegrated in soil. Average wheat yields of 2.3, 2.8 and 
3.3 t ha-1 were obtained from no till, tilled sorghum residues and fallow fields 
(Roth et al., 2000). 
Sorghum allelopathic properties can be useful for weed control in wheat. It 
can be employed by foliar spray, mulch, incorporation of stalks and crop rotation 
(Cheema and Khaliq, 2000; Anwar et al., 2003 and 2004; Ashraf and Iqbal, 2006; 
Ashraf and Akhlaq, 2007). Sorghum mulch incorporation @ 10 t ha-1 and 2 sprays 
of concentrated sorghum water extract @ 20 L ha-1 declined weeds population by 
40.0%, fresh weight of weeds by 20-29% but weed dry weights by 27-34% over 
control. Wheat grain yield increased by 20 and 30% in mulch incorporation and 
two sprays of sorghum water extract, respectively (Ashraf and Iqbal, 2006). 
Sorghum stalks incorporation (2-6 tha-1) improved grain yields of wheat by 15% 
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and decreased weed species upto 50%. Sorghum water extract sprays on wheat 
crop decreased weeds by 35-49% and improved yields upto 21% (Cheema and 
Khaliq, 2000). Sorghum extract applied @ 30 Kg ha-1 twice (55 and 85 DAS) 
decreased weeds fresh and dry weights but increased plant height, grains weight, 
grain and biological yields of wheat (Anwar et al., 2003 and 2004). 
Sorghum plant parts extracts produced differential effect on weeds 
dynamics. Leaf, stem and root aqueous extracts of sorghum @ 5 L ha-1 inhibited 
density and growth of Anagallis arvensis (Pimpernel), Chenopodium album 
(Lambsquarters) and Fumaria indica (Fumitory). Root extracts were the most toxic 
among sorghum plant extracts for weeds. It diminished weeds density, fresh and 
dry weights by 21-22%, 20-23%, and 16-21% at 80 and 105 days after sowing 
(DAS), respectively. Sorghum stem + root water extracts had strong inhibitory 
effect on weeds as compared to leaf- stem and leaf-roots combinations. It decreased 
weed density by 23-33%, fresh weight by 26-34% and dry weight by 22-34% at 80 
and 105 DAS. Root extracts increased wheat yield by 12% and herbicide by 25.5%. 
Combination of stem with root and with leaves extract improved yield of rainfed 
wheat by 20% equivalent to hand weeding (Ashraf and Akhlaq, 2007). 
One (30 DAS) and two (30 and 60 DAS) sprays of sorghum water extract 
(SWE) inhibited density of common lambsquarters, canary grass, wild oat, field 
bind weed and Rumex dentatus by 26-32, 21-34, 21-27, 26-36 and 27-38% while 
dry matter of these weeds was reduced by 39-48, 29-40, 26-35, 35-40 and 35-46%, 
respectively The wheat grains yield was increased from 10 to 22% with 1 or 2 
sprays of sorghum aqueous extracts (Cheema et al., 2002 a). Herbicide 
(Isoproturon @ 1 Kg ha-1) decreased dry weight and density of weeds by 73 and 
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69% and increased wheat yields upto 40%. Two sorgaab sprays irrigated wheat 
suppressed weeds while elevated yield upto 21%. The toxicity of sorghum extracts 
increased with concentration (Cheema et al., 2000 a). Sorghum extract spray in 
maize controlled weeds upto 50% and raised yield by 11-44%. Mulching of 
sorghum @ 10-15 t ha-1 increased maize yields by 36-40% while controlling weeds 
by 26-37% (Cheema et al., 2004). Khaliq et al. (2012 a) elucidated bioherbicidal 
potential of SWE against dragon spurge. 
Root and shoot extracts of sorghum (Sorghum bicolor L.) at concentration 
of 5- 25% (w/v) on fresh plant material basis reduced germination and root growth 
of Parthenium hysterophorus. Root biomass of 10 days old Parthenium seedlings 
was reduced by foliar application of 50 and 100% (w/v) sorghum shoot extracts 
(Javaid et al., 2006). Extracts made from 4 weeks old sorghum herbage were more 
toxic than older plants herbage. Lower concentrations of herbage extracts inhibited 
the rate of germination while roots extracts affected only onset of germination. 
Higher concentration of both root and herbage extracts inhibited onset and rate of 
germination of cress (Lepidium sativum cv. curly cress). Differential response of 
root and herbage extracts was due to differential quantity and proportion of 
allelochemics (Lehle and Putnam, 1982). 
Sorghum extracts have phytotoxic effect on growth and germination of 
Hordeum spontaneum. Biomass, germination and radicle lengths of wild barley 
(Hordeum spontaneum) were reduced by leaf, stem and roots aqueous extracts of 
sorghum at 5, 10 and 15% concentrations (Al-Tawaha and Odat, 2010). Sorghum 
stem extract of 50 g L-1 exhibited the highest inhibition of shoot and root growth of 
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mungbean. The inhibitory trend of different sorghum plant parts was as follows: 
stem>root>leaves (Moosavi et al., 2011).  
Certain sorghum hybrids have potential to reduce wheat yields in sorghum 
wheat sequence. Radicle length of wheat was reduced by 74, 68 and 64% by stems, 
leaves and root extracts. Wheat yield was reduced upto 16% on an average by 
different sorghum hybrid extracts (Ben-Hammouda et al., 1995 b). Similarly, Roth 
et al. (2000) also reported wheat yields depressions in sorghum- wheat rotations.  
Sorghum water extracts decreased germination of Trianthema 
portulacastrum by 15-20%. Higher concentrations of sorgaab (75 and 100%) 
significantly suppressed root and shoot lengths of seedlings while 25% extract 
stimulated shoot growth of horse purslane (Randhawa et al., 2002). Khaliq et al. 
(1999) concluded sorghum aqueous extracts used twice depressed dry weight of 
total weeds by 20-42% except horse purslane and increased yield of soybean by 
9%. Sprays of sorgaab (2-3) suppressed weeds dry weight by 45-85% increasing 
yield of raya by 33-58% (Bhatti et al., 2000). Three sprays of sorghum extract at 
15-45 DAS decreased density of Conolvulus arvensis, Cyperus rotundus and 
Portulaca oleracea by 60, 50 and 75% and increased yield of mungbean by 20%. 
Sorghum mulching (10, 15 t ha-1) diminished weeds density by 25-27% and 
improved yield by 13% (Cheema et al., 2000 b). Three sprays of sorghum water 
extract decreased weeds by 32-44% and enhanced mungbean yield upto 18% while 
pendimethalin and hand weeding increased yields by 13 and 10%, respectively 
(Cheema et al., 2001). 
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Weed density was reduced by 23-62, 13-54, 54-64% with sorghum 
mulching (3.5, 7.0, 10.5 t ha-1), extract spray (1-3) and herbicide application 
(paraquat 0.48 Kg a.i. ha-1), respectively in cotton. Herbicide application, sorghum 
mulching and sorghum water extract diminished weeds dry weight by 87, 56 and 
40%, respectively. Spray of sorghum water extract and sorghum mulching 
increased cotton yield by 69% and 59%, respectively (Cheema et al., 2000 c). 
Incorporation of sorghum stalks @ 5, 10 and 15 t ha-1 suppressed weeds more at 20 
days after mulching, while at 40 days soil application was better than incorporation 
in controlling the weed. At 40 days after mulching incorporation of sorghum @ 15 
t ha-1 diminished density and dry weight of purple nutsedge by 40 and 50% and 
surface application reduced these parameters by 45 and 53% (Mahmood and 
Cheema, 2004). 
2.3 SUNFLOWER ALLELOPATHY 
Sunflower (Helianthus annuus L.) possesses allelopathic properties and 
affects germination growth and development of other plants through production of 
allelochemicals (Ghafar et al., 2001; Batish et al., 2002; Anjum and Bajwa, 2007 a; 
Batlang and Shushu, 2007). 
Extracts of sunflower leaves contained six norsesquiterpenes. These 
compounds inhibited germination of Allium cepa but stimulated root growth of A. 
cepa and Hordeum vulgare selectively at concentrtation of 10-5 to 10-9 M (Macias 
et al., 1998). Ciarka et al. (2009) found more volatiles from chopped sunflower 
leaves than intact and obtained more allelochemicals from extraction of leaves than 
leaching. 
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Sunflower leaves and stem water extracts analysis showed higher phenolic 
contents in leaves (0.0316 mM g-1) than stem (0.016 mM g-1). Thin layer 
chromatography revealed that leaves contained more number of allelochemicals 
compared with stems and roots (Mehboob et al., 2000 a). Anjum and Bajwa (2010 
a) identified 8 phenolics and some bioactive terpenoids from crude extracts of 
sunflower leaves. Pal and Sand (2004) isolated p-hydroxy benzoic, caffeic, 
syringic, gallic, vanillic and protocatechuic acids from spring sunflower leaves. 
Rao (2004) reported p-hydroxy benzoic, ferulic, p-coumaric and trans-cinnamic 
acids from sunflower tissues. 
Analysis of different sunflower cultivars produced 13 chemicals which 
were phenolic compounds except terpinol (a terpenoid). Their concentration was in 
accordance with the toxicity of different cultivars (Alsaadawi et al., 2011). 
Sunflower cv. Peredovick dry leaves extracts produced thirteen allelochemicals 
including annuolide E, Leptocarpin, series of heliannuols and helibisabonols 
through chromatography (Macias et al., 2002). An antibacterial compound 
extracted from leaves of sunflower (Helianthus annuus) increased growth hormone 
in rice and Phaseolus mungo. It also had an effect on Xanthomonas oryzae 
(Sankaranaryanan et al., 2008). 
Effect of allelochemicals varied with extraction method followed. The 
highest bioactivities of natural chemicals from dry and freezed sunflower leaves 
were recorded at 500 bars and 50 0C (Casas et al., 2009). Sunflower phytotoxins 
increased cell membrane permeability, H2O2 concentration and antioxidant 
enzymes. Reactive oxygen species caused cellular damage and decreased 
germinability and vigor of mustard seedlings (Oracz et al., 2007). The germination 
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of mustard (Sinapis alba) was related with membrane degradation (EC assay) and 
increased peroxidation of lipids (high malondialdehyde content) (Bogatek et al., 
2006). Sunflower (Helianthus annuus L.) cv. Hysun-38 leaves water extracts 
applied on wheat increased pH, Mg, K, Fe and Zn while decreased EC, Ca and P. It 
decreased rate of germination, seedlings growth, gibbrellic acid, indol acetic acid 
and increased abscissic acid level in wheat seedlings (Kamal and Bano, 2008 a, b). 
Leaf, stem and roots water extracts of sunflower increased DNA, proline, protein, 
sugars, chlorophyll contents, superoxide dismutase and peroxidase in 20 days old 
wheat seedlings (Kamal and Bano, 2009; Kamal, 2011). 
Sunflower exhibited allelopathic effect in crop rotation, residue 
incorporation and extract application (Ashrafi et al., 2008 a; Batish et al., 2002). 
Mulching and incorporation of sunflower residues in fields was harmful to wheat 
(Anjum and Bajwa, 2010 b) and wild barley (Hordeum spontaneum Koch.) 
(Ashrafi et al., 2008 a). Sunflower residue amended soil inhibited flowering and 
nodulation in bambara groundnut (Batlang and Shushu, 2007). Its aqueous extracts 
inhibited germination, radicle and plumule length of wheat (Sadeghi et al., 2010).  
Sunflower cultivars had a different allelopathic effect on weeds density and 
total weight of weeds in a field of sunflower. Residue incorporation of sunflower 
varieties decreased weeds numbers and biomass of in wheat field and increased the 
yields (Alsaadawi et al., 2011). Megasun was the most allelopathic which inhibited 
germination of all weeds by 80% at 100% concentration and Hysun-36 found to be 
the least toxic (Nikneshan et al., 2011). Differential response of sunflower 
allelochemicals on germination, root and shoot length of Lepidium sativum, 
Lactuca sativa, Hordeum vulgare and Allium cepa was observed (Macias et al., 
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1999). Heliannuols A, helibisabonol A and Leptocarpin inhibited wheat etiolated 
coleoptiles (Macias et al., 2002). Sunflower allelochemicals exhibited inhibitory 
effect on growth and germination of mustard (Sinapsis alba) seedlings. 
Combination of extracts and volatiles produced more inhibitory effects (Ciarka et 
al., 2009). 
Soil from sunflower fields contained toxic phenolics responsible for 
reduced crop growth. Plant population and yields of Sorghum vulgare, Cyamopsis 
tetragonoloba, Zea mays and Pennisetum americanum decreased in fields 
previously cropped with sunflower as compared with sunflower free fields. 
Inhibitory effect was stronger in residue containing fields than residue free (Batish 
et al., 2002). It also contributed towards weeds reduction (Leather, 1987). Ashrafi 
et al. (2008 b) found smaller plants with less weight of wild barley (Hordeum 
spontaneum Koch.) in soil precropped with sunflower. Incorporation of sunflower 
residues in the soil also inhibited germination and growth of wild barley. Mixed 
planting of sunflower with bambara groundnut did not affect growth, nodulation 
and flowering of bambara groundnut but growth of sunflower was promoted in 
terms of its dry weight. Sunflower residue amended soil (25:75 and 50:50 w/w 
residue and soil ratio) inhibited flowering and nodulation in bambara groundnut 
completely. It also reduced germination, shoot elongation and leaf formation 
(Batlang and Shushu, 2007).  
Sunflower leaves mixed with soil (2% w/w) decreased emergence and 
growth of sorghum, soybean and sunflower itself. The mixture of stem and 
branches was not as toxic as leaves but it inhibited the growth of these species. 
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Root exudates decreased sunflower emergence, height and fresh as well as dry 
weight of the target species in nutrient solution or soil (Irons and Burnside, 1982).  
Sunflower (Helianthus annuus L.) water extracts (2.5, 5 and 10% m/v) 
decreased germination and seedling weight of mustard (Sinapis alba) in pattern of 
increasing its concentration. Extract of 10% concentration completely inhibited 
germination of the mustard (Bogatek et al., 2006; Oracz et al., 2007). It inhibited 
growth of Chenopodium album L. and grassy weeds, and enhanced wheat yield 
(Naseem et al., 2009). These extracts (80 and 100%) could not kill Rumex dentatus 
completely but it decreased dry weight of the weed and increased wheat yield 
(Anjum and Bajwa, 2007 a).  
The inhibitive capacity of extracts depended on their concentrations. 
Sunflower aqueous extract at the concentrations of 25, 50, 75 and 100% suppressed 
germination, root and shoot lengths of wheat while seedlings biomass was not 
altered. Starch, protein and potassium content of wheat were also affected 
significantly by aqueous extracts of sunflower. Ash contents increased at 25 and 
50% while decreased at 75 and 100% extract concentrations (Ghafar et al., 2000). 
Anjum and Bajwa (2010 b) found suppression of wheat seedlings at 40-50% 
sunflower extract under laboratory conditions. Sunflower aqueous extracts 
increased germination, seedlings fresh and dry weights, root and shoot lengths of 
linseed at 25% but all these parameters were decreased at 50, 75 and 100% 
concentration. Similar trend for different concentration of extract was observed in 
protein, potassium, phosphorus and starch contents of linseed (Mehboob et al., 
2000 b). 
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Sunflower leaf extracts had enough potential to control Chenopodium 
album L. Crude extract failed to eradicate weeds completely as compared to 
herbicides but the highest concentration killed weeds efficiently and overcame 
competition and increased wheat yields significantly (Anjum and Bajwa, 2007 b). 
Nikneshan et al. (2011) evaluated leaf extracts of 8 sunflower cultivars at 
concentrations of 25, 50 and 100% on seed germination of wheat, safflower, 
Hordeum spontaneum, Amaranthus retroflexus, Lolium rigidum and Portulaca 
oleracea. Portulaca spp. was the most resistant and Amaranthus susceptible to leaf 
extracts of sunflower. Low concentration (25%) stimulated germination of wheat 
and Portulaca oleracea but increasing concentrations diminished germination 
indices. Sunflower leaf extract used @ 1 g fresh weight/120 ml nutrient solution 
and dry leaf @ 2 g/80 g soil decreased sorghum growth and water potential under 
laboratory and greenhouse conditions due to presence of allelochemicals (Schon 
and Einhellig, 1982). They also inhibited germination, radicle and plumule length 
of wheat (Sadeghi et al., 2010). Increasing extract dose inhibited seed germination 
of Setaria viridis and Sinapsis arvensis strongly. It depressed root shoot lengths 
and seedlings dry mass. Roots of weeds were more sensitive to extracts as 
compared to shoots. Chlorophyll and water contents also decreased in both weed 
species with application of sunflower extract (Ashrafi et al., 2010). 
Roots and shoots aqueous extracts of sunflower at 5-25% (w/v) 
concentration on fresh plant material basis reduced germination and root growth of 
Parthenium hysterophorus in petri dishes while shoot and seedlings growth were 
not affected. The root dry weight of 10 days old Parthenium was reduced with 
foliar application of 50 and 100% (w/v) sunflower shoot extracts (Javaid et al., 
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2006). The effect of leaf, stem and root water extracts of sunflower at 10 and 20% 
concentration was either stimulatory or non significant. As concentration increased 
from 30 to 50% inhibitory effect on germination, growth and chlorophyll contents 
of Chenopodium album, Coronopus didymus, Rumex dentatus, Medicago 
polymorpha and Phalaris minor increased. Leaves extracts were more toxic than 
stem and root extracts. The most sensitive weed to the extracts was C. album 
(Anjum and Bajwa, 2008). Aqueous extracts of sunflower parts diminished 
germination, radicle length, radicle weight, hypocotyl length and hypocotyl weight 
of wild barley by 67, 79, 61, 44 and 76%, respectively. The order of decreasing 
toxicity of sunflower plant parts as averaged after 8 days of sowing of wild barley 
was leaves, flower, mixture of all parts, stem and roots (Ashrafi et al., 2008 b). 
Sunflower leaf aqueous extracts inhibited germination of wild mustard 
(Brassica kaber) at high concentration and stimulated at lower concentrations. 
Stem extract stimulated seed germination at all concentrations. Leachates of dried 
stem and leaves in sand culture affected seedling growth of broad leave weeds 
only. Root exudates inhibited seedling growth but less than leaf and stem (Leather, 
1983). Sunflower extracts decreased density and biomass of weeds. They increased 
100 grain weight, fresh and dry weights of wheat (Kamal and Bano, 2008 b). Leaf 
and root extract of sunflower decreased germination and seedling dry weight of 
bambara groundnut. Root growth was more sensitive than shoot growth under 
laboratory conditions in proportionate to concentration gradient (Batlang and 
Shushu, 2007).  
Allelopathic effects of sunflower were studied on phosphate solubilizing 
bacteria (PSB), Azospirillum and Rhizobium. Microbial colonies were isolated and 
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compared with those of sunflower roots and rhizosphere colonies. In root samples 
colonies of PSB and Azospirillum decreased while Rhizobium decreased in 
rhizosphere. In Rhizosphere PSB increased but Azospirillum remained same as 
compared to control. The difference of size of colonies was due to presence of 
sunflower allelochemicals (Kamal and Bano, 2008 c). 
2.4 BARLEY ALLELOPATHY 
Barley (Hordeum vulgare L.) produces allelochemicals in different plant 
components which interact with other plant species (Kremer and Ben-Hammouda, 
2009; Sadeghi et al., 2010). Barley allelochemicals can be used as a natural 
herbicides and its integration into cropping system can improve ecological weed 
management (Kremer and Ben-Hammouda, 2009). 
Generally the chemicals isolated from barley water extract contained five 
phenolic acids and coumarins (Chon and Kim, 2004). Alkaloids gramine and 
hordenine produced by barley roots contributed towards its allelopathic nature (Liu 
and Lovett, 1993 a). Asghari and Tewari (2007) divided allelochemicals isolated 
from barley extracts into two groups. i.e. high concentration and low concentration 
phenolics. High concentration phenolics included protocatechuic acid and p-
hydroxybenzoic acid while small quantity phenolics were vanillic, chlorogenic, 
ferulic and p-coumaric acids. Total phenol contents of barley stems contributed 
towards autotoxicity (Oueslati et al., 2009). Volatile allelochemicals identified 
from different barley cultivars affected specific allocation of biomass rather than 
affecting total dry weight of other plant species (Ninkovic, 2003). 
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Phytotoxic potential of barley was affected predominantly by prevailing 
environmental conditions, stage of crop growth and the plant part. Production of 
hordenine was dependent more on environmental conditions than genetic factors. 
Its quantity was 7 times higher in plants grown under lower light conditions (Lovett 
et al., 1994). During dry season more phytotoxicity was observed which was 
connected with synthesis of higher quantities of allelochdmicals (Oueslati et al., 
2005). Variation in total phenol and its composition over growing seasons 
indicated strong impact of climate over phenolics accumulation (Oueslati et al., 
2009). Barley extracts at tillering stage exhibited the highest toxic effects on wild 
mustard compared with extracts on seedling, stem elongation and heading stage in 
laboratory (Oveisei et al., 2008). 
Barley allelopathy can be exploited by barley pre cropping, residue 
incorporation in soil, smother or cover cropping and utilization of barley crop 
aqueous extracts (Kremer and Ben-Hammouda, 2009; Daliri et al., 2011).  
The soil pre-cropped with barley caused reduction in plant height and 
weight of green foxtail (Setaria viridis) and quack grass (Agropyrum repens) 
(Ashrafi et al., 2008 a and 2009). The soil amended by barley (Hordeum vulgare) 
caused reduction of height and weight of Thorn apple (Datura stramonium) (Daliri 
et al., 2011). Barley residues incorporated in soil inhibited germination and growth 
of green foxtail (Ashrafi et al., 2008 a), quack grass (Ashrafi et al. 2009), thorn 
apple (Daliri et al., 2011) and wild mustard, Sinapsis arvensis (Oveisei et al., 
2008). Barley inhibited germination and reduced radicle length of white mustard 
(Sinapis alba L.) at population of 0.5 barley seeds cm-2. Solution from hydroponics 
also inhibited growth and delayed germination of wild mustard due to presence of 
27 
 
alkaloids, gramine and hordenine (Liu and Lovett, 1993 b). Barley phytotoxicity 
varied according to plant parts, growth stages and varieties (Ben-Hammouda et al., 
2002). Leaves were more phytotoxic to rye grass (Lolium rigidum) at all stages of 
barley especially at grain development stage. It depressd radicle growth and 
germination of rye grass more than coleoptile growth (Maryam and Mina, 2008). It 
inhibited growth of weeds so can be used as cover crop in sustainable agricultural 
systems (Kremer and Ben-Hammouda, 2009). 
Foliage tissues of 8 barley varieties at the concentrations of 5, 10 and 20 g 
L-1 decreased seed germination, radicle and shoot lengths of brown mustard 
(Brassica juncea) and green foxtail (Setaria viridis) according to concentrations of 
the extracts. B. juncea was more sensitive than S. viridis (Asghari and Tewari, 
2007). Sadeghi et al. (2010) reported suppression of seed germination and 
inhibition of radicle and plumule length of wheat with application of barley water 
extract.  
Aqueous extracts of barley parts diminished germination, radicle length, 
radicle weight, hypocotyl length and hypocotyl weight of green foxtail by 68, 79, 
61, 44 and 76 %, respectively, (Ashrafi et al., 2008 a) and also showed phytotoxic 
effects on quack grass. Toxicity of the barley extracts was concentration dependent 
(Ashrafi et al., 2009). It suppressed germination and growth of thorn apple from 4-
20 g/100 ml water (Daliri et al., 2011). Barley extracts inhibited root growth of 
eclipta, barnyard grass and alfalfa in concentration gradient manner in petri dishes. 
Coumarines (10-3 M) were found to cause more reduction in root weight of 
barnyard grass and alfalfa than eclipta (Chon and Kim, 2004). 
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Allelochemical potential of barley varies with cultivars hence selection can 
improve barley toxicity against weeds (Kremer and Ben-Hammouda, 2009). 
Difference of volatile allelochemicals in barley cultivars affected specific 
allocation of biomass (Ninkovic, 2003).Total phenolics varied within and between 
varieties (Oueslati et al., 2009). Hoult and Lovett (1993) found a significant 
difference in production of hordenine and gramine in different barley lines. Forty 
two out of 43 lines of barley produced significant amount of hordenine by roots at 
1 leaf stage. The highest amount recorded was 327 µg hordenine/g dry root weight 
(Lovett et al., 1994).  
Crop improvement decreased allelopathic potential of barley over time. 
Germination inhibition was lowered with new high yielding cultivars (Oveisei et 
al., 2008). Barley cultivars and landraces (127) collected from Sweden, Denmark, 
Finland and Baltic states showed a decreasing trend of allelopathic potential on 
ryegrass (Lolium perenne L) over 100 years with new varieties introduction. The 
decrease was 14-31%. Root growth in Danish cultivars decreased but increased in 
others. Increased root growth could not improve allelopathic properties rather it 
decreased by 32-85% per mg root mass. It was because of dilution of responsible 
genes for allelopathy. In 2 cultivars allelopathy increased and these had many 
combinations with land races (Bertholdsson, 2004). The selection of variety for a 
particular location is dependent on its allelopathic potential which increased during 
dry season (Oueslati et al., 2005). 
2.5 BRASSICA ALLELOPATHY 
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Brassica species produce phtotoxic compounds causing growth interference 
in other plants (Vaughn et al., 2006). These produce glucosinolates which are 
converted to allyl isothiocyanates causing growth interference of plant species 
(Choesin and Boerner, 1991). Different hydrolysis products of glucosinolates were 
identified causing this inhibition of germination which included allyl 
isothiocyanates (AITC), allyl thiocyanate (ATC), and erucin (4-methylthiobutyl iso 
thiocyanate). They have different level of phytotoxicity with AITC having the 
highest. Both glucosinolates and their hydrolysis products inhibit seed germination 
(Vaughn et al., 2006). Uremis et al. (2009) quantified 9.6 and 23.1 mg L-1 of 
isothiocyanates benzoyl and isothiocyanate allyl, respectively from black radish 
water extracts. 
Shoots of brassica produced 2- propenyl and p-hydroxy benzyl while 2-
phenylethyl was produced mostly by the roots (35-48% of total glucosinolates) 
(Norsworthy et al., 2005). Roots contained more allelochemicals than shoots 
producing more toxic effects. Rapeseed soil also contained glucosinolates which 
are degraded in soil to produce allelochemicals interacting soil borne plant pests. 
Gardiner et al. (1999) isolated five isothiocyanates, three nitriles and one 
oxazolidinethione from sunflower roots produced by degradation of previous 
rapeseed crop residues in soil. Out of these 2-Phenylethyl glucosinolate was found 
to be the principal glucosinolate produced by roots dominating soil profile.  
Glucosinolate contents varied with brassica varieties, plant parts and growth 
stages. Three erucic acid free rapeseed (Brassica napus L.) varieties produced 
progoitrin and gluconapin in seeds but it was absent in erucic acid free with low 
glucosinolate cultivars. Their quantities either remained constant or increased with 
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ripening. Glucobrassicanapin, glucobrassicin and gluconasturtiin were present in 
roots of all cultivars. Their contents remained same or declined with maturity 
(Yasumoto et al., 2010). Wild and low glucosinolate mutant of Brassica napus 
produced allyl isothiocyanate with high quantities in wild type but there was no 
effect of these chemicals on the growth of Medicago sativa grown on low organic 
matter soil (Choesin and Boerner, 1991). 
Crucifers produced volatiles including allyl isothiocyanate, benzyl 
isothiocyanate, butenyl isothiocyanate and methyl isothiocyanate. Allyl and methyl 
isothiocyanates were the most inhibitory allelochemicals (Vaughn and Boydston, 
1997). Non glucosinolates S compounds detected were carbon disulphide, 
dimethyldisulphide, dimethylsulphide and methanethiol. Their concentrations were 
88, 39, 406, 992 nmol g-1 dry leaves in sandy soil, respectively. Maximum amount 
of 2-propenyl isothiocyanate and dimethyldisulphide were detected at initial stages 
but other volatiles were produced throughout degradation time (Bending and 
Lincoln, 1999).  
High contents of glucosinolates were found in shoots and roots of young 
seedlings grown from shattered seeds depressing growth of following crop in 
rapeseed fields (Yasumoto et al., 2010). Decreasing volatility losses by any means 
increased suppressing capacity of isothiocyanates (Norsworthy and Meehan, 2005). 
Brassica juncea leaves rich in 2-propenyl glucosinolate – a precursor of 2- 
propenyl isothiocyanates were incorporated in sandy and clay loams. Smaller 
quantities of allelochemicals were found from clay loam soil than sandy loam due 
to higher respiration rate (Bending and Lincoln, 1999). 
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Rapeseed soil contained glucosinolates which are degraded in soil to 
produce allelochemicals interacting soil borne plant pests. Higher concentrations of 
allelochemicals were found at 30 hours after ploughing of rapeseed (Brassica 
napus L.) fields (Gardiner et al., 1999). Isothiocyanates are readily sorbed by soil 
organic matter and deteriorated by microbial degradation as well as prone to 
volatilization. The loss of hydrolyzed products of glucosinolates depends on soil 
type, temperature and moisture conditions of soil (Gimsing and Kirkegard, 2009). 
Brassica shoot and root extracts increased activities of peroxidase and superoxide 
dismutase. Poly phenol oxidase in radicle and hypcotyl was increased by root 
extracts but not altered by shoot extracts (Haddadchi and Gerivani, 2009). Brassica 
allelopathy can be exploited by pre-cropping or brassica green manuring 
(Norsworthy et al., 2005), residue incorporation (Gimsing and Kirkegard, 2009; 
Turk and Tawaha, 2003) and brassica aqueous extracts application (Tawaha and 
Turk, 2003).  
Defatted seed meals of 15 plant species containing glucosinolates added in 
soil at concentrations of 0.1-1% (w/w) inhibited germination of wheat and 
sicklepod. The inhibition was greater in wheat than sicklepod. Indian mustard, 
money plant and field pennycress completely suspended the germination of wheat 
even at 0.1% level (Vaughn et al., 2006). 
The hydrolysis products of glucosinolates particularly isothiocyanates in 
soil affected weeds and soil pests (Gimsing and Kirkegard, 2009). Green manuring 
of rapeseed reduced green pea population and suppressed emergence of green 
foxtail, kochia and shepherd‟s purse by 15, 25 and 76%, respectively. White 
mustard reduced those weeds by 54, 97 and 49% (Al-Khatib et al., 1997). Brassica 
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as preceding crop reduced plant height and weight of wild barley (Hordeum 
spontaneum Koch.). Its residues in soil decreased germination and growth of wild 
barley plants. Water extracts of brassica decreased germination, radicle length, 
radicle weight, hypocotyls length and hypocotyls weight by 63, 75, 57, 44 and 
55%, respectively. Increasing concentration of extracts (4 to 20 g ml-1) increased 
inhibition of germination and growth of test species. The toxicity of the extract was 
higher in leaves followed by flowers, mixture of plant parts and stem while the 
least effect was noted for roots on radicle length of 8 days old seedlings of wild 
barley (Tawaha and Turk, 2003).  
Brassica juncea L. and Sinapsis alba L incorporated in soil as green manure 
reduced weed biomass at 8 weeks after sowing and improved yield of Vigna 
unguiculata (Norsworthy et al., 2005). Brassica hirta Moench, Brassica juncea L., 
Brassica nigra L., Brassica campestris L., Brassica napus L. and Lepidium 
sativum L. green manuring inhibited germination and biomass of Sesbania exaltata 
Raf. (Vaughn and Boydston, 1997). 
Isothiocyanates suppressed weeds selectively when they were surface 
applied or incorporated in soil. Effects of aliphatic and aromatic isothiocyanates 
were studied on sickle pod (Senna obtusifolia), Panicum texanum and Digitaria 
sanguinalis. Aliphatic isothiocyanates included ethyl, propyl, butyl, allyl and 3-
methylthiopropyl isothiocyanates. Aromatic included phenyl, benzyl and 2 
phenylethyl isothiocyanates. All isothiocyanates were either surface applied or 
incorporated in soil @ 0, 10, 100, 1000 and 10000 nmol g-1 soil. Lower 
concentrations stimulated weeds germination while higher concentrations 
suppressed it. Texas panicum was suppressed effectively by allyl and propyl 
33 
 
isothiocyanates. Allyl and 3- methylthiopropyl suppressed emergence of large 
crabgrass by 98 and 100%, respectively. Crabgrass was suppressed by 86-96% by 
aromatic isothiocyanates. Sicklepod was the most resistant and its germination was 
depressed by 72, 68, 65 and 62% with allyl, benzyl, 3- methylthiopropyl and 
phenyl isothiocyanates. (Norsworthy and Meehan, 2005).  
Johnsongrass was suppressed by garden radish, white radish and black 
radish in both laboratory and field conditions. Black radish produced the highest 
quantities of isothiocyanates benzoyl and isothiocyanate allyl (9.6 and 23.1 mg L-1, 
respectively) while the lowest (9.3 and 14.5 mg L-1) were obtained from garden 
radish extracts (Uremis et al., 2009).  
Plant parts extracts affected differentially the germination and growth of 
other species. Germination, dry weight of hypocotyls and seedling length of wheat 
and oat (Avena fatua L.) were inhibited by Brassica nigra parts aqueous extracts 
according to increasing concentrations. The toxic effect of different parts decreased 
in the order of leaf > flower > root > stem (Turk and Tawaha, 2002 and 2003). 
Shoot and root methanol extracts of canola (Brassica napus L.) decreased 
germination, length and weights of soybean seedlings. Radicle length was more 
sensitive to canola extracts (Haddadchi and Gerivani, 2009). Aqueous extracts (0, 
10, 20, 30 and 40%) of Brassica napus, Brassica juncea and Brassica rapa (at 
heading and straw stage) affected germination, rate of germination, seedling 
biomass and length of root and hypocotyls of sunflower according to increasing 
extract concentration. Its root was more sensitive to extracts than hypocotyls 
(Jafariehyazdi and Javidfar, 2011). Maximum germination inhibition of cutleaf 
ground cherry (Physalis angulata) was noted with rapeseed (Brassica napus) shoot 
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(58.7%) and turnip (Brassica campestris) root extracts (54.3%) (Arsalan et al., 
2005). There was a differential response of brassicas on germination of cut leaf 
ground cherry (Physalis angulata L.). The inhibition of seedling growth was less as 
compared to germination and it increased with increasing concentration of shoot 
extract (Uremis et al., 2005).  
Three crucifers i.e. Brassica nigra, Brassica oleracea and Raphanus spp., 
water extracts suppressed seed germination of Amaranthus caudatus and Petunia 
picoteeseries. Radicle length was inhibited more than hypocotyles. Petunia was 
found to be more sensitive species (Hesammi and Shishgarzadeh, 2011).  
2.6 COMBINATION OF ALLELOPATHIC EXTRACTS WITH 
HERBICIDES 
A mixture of allelochemicals can produce their inhibitory effect even 
though concentration of individual compounds is lower than its threshold level. 
Soil analysis for phenolic acids indicated lower quantities of phenolic compounds 
which can cause inhibition of seeds and roots. Inhibitory concentration of 
individual phenolic compounds decreased when a mixture of phenolic and other 
toxic (methionine) and nontoxic (glucose) organic compounds was used (Blum, 
1996). Chon et al. (2003) suggested higher toxic effect of mixed extract of more 
than one species than individual extracts. Germination of Coronilla varia was 
delayed for longer time by mixture of abscissic acid (ABA) and leaf extracts of 
Juglans regia and Eucalyptus camaldulensis compared with extracts and ABA 
alone (Isfahan and Shariati, 2007). 
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Allelochemicals interfere various biological processes in plant communities 
thus affecting their growth. Concentration of 0.25 mM ferulic acid exhibited as 
threshold and 0.5 mM decreased seedling weight of sorghum (Sorghum bicolor L. 
Moench) 6 days after treatment. Both concentrations decreased phosphorus (P) in 
roots and shoots at 3 and 6 days. Potassium (K) and magnesium (Mg) contents of 
roots were decreased at both harvests. In shoots, K declined and Mg increased as 
compared to control. This variation in nutrient balance may be the cause of growth 
inhibition by ferulic acid (Kobza and Einhellig, 1987). 
Allelopathic inhibition resulted from joint action of allelochemicals through 
interference in physiological processes. Environmental stresses like insects, 
diseases, nutrient and moisture abnormalities, herbicides and radiations enhance 
allelochemical synthesis in the crops, hence allelopathic potential increased. 
Additive inhibition was observed under greenhouse conditions by composite action 
of ferulic acid along with alachlor, atrazine or trifluralin (Einhellig, 1996). Phenolic 
acids in combination with atrazine were examined on performance of wheat, turnip, 
pearl millet, mustard, corn and carrot. The decreasing toxicity trend of phenolic 
acids on pearl millet germination and growth was as caffeic > benzoic > p-
coumaric acids. Atrazine reduced germination of test plants in order of pearl millet, 
wheat, turnip, carrot, corn, and mustard. Germination and growth of test species 
was affected synergistically with phenolic acids and atrazine combinations (Burhan 
and Shaukat, 2000).  
Allelopathic effect of wheat extracts was due to synergistic action of low 
quantity of allelochemicals. The effects of binary mixtures of phenolics and 
benzoxazinone derivatives were additive chiefly with some deviations. 
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Benzoxazolinone (BOA) + aminophenol (AP), BOA + hydroxyphenolacetamide 
(HPAA), dihydroxy methoxy benzoxazinone (DIMBOA) + ferulic acid (FA), 
DIMBOA + Vanillic acid (VA) produced synergistic effect (Jia et al., 2006). 
Inderjit et al. (2002) reported antagonistic relationship in binary combinations of 
three phenolic acids on root growth of ryegrass (Lolium perenne L.).  
Two sprays of sunflower and sorghum aqueous extract @ 2.5 L ha-1 each 
decreased weeds dynamics by 27-39% (Ashraf and Naeem, 2005). These extracts 
@ 12 L ha-1 decreased dry weight of Phalaris minor and Avena fatua by 36-55% 
and 42-62% (Jamil et al., 2009). Sadeghi et al. (2010) obsereved inhibited seed 
germination, radicle and plumule growth of wheat with sunflower and barley water 
extract under laboratory conditions. Cheema et al. (2003 a) demonstrated 2 sprays 
of sorghum water extracts controlled weeds and increased wheat yield by 5.5%. 
One and two applications of sorghum aqueous extracts @ 5 L ha-1 sprayed 
at 50 and 80 days after sowing improved wheat grain yields by 26 and 31 %. One 
and 2 sprays of sorghum + sunflower aqueous extracts @ 2.5 L ha-1 each improved 
wheat yield by 34 and 48%, respectively over control (Ashraf and Naeem, 2005). 
Sorghum + sunflower @ 6 L ha-1 raised wheat yields by 35-89% achieving the 
maximum marginal rate of return (2824%) (Jamil et al., 2009).  
Sorghum water extracts (Sorgaab) + isoproturon @ 400 g ha-1 suppressed 
biomass and density of weeds by 77 and 72%. Similarly, sorgaab+ isoproturon @ 
500 g a.i. ha-1 diminished total weeds density and biomass by 92 and 94%, 
respectively (Cheema et al., 2003 b). Sorgaab @12 L ha-1 + isoproturon @ 600 g 
ha-1 decreased these weeds parameters by 89-97% and 91-99%, respectively (Jamil 
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et al., 2005). Similarly, sorgaab @ 12 L ha-1 + mesosulfuron-methyl @ 10.80 g ha-1 
depressed weeds density and biomass by 85 and 86% and enhanced wheat yields 
by 19.47%. Sorgaab in combination with mesosulfuron @ 6.25 g ha-1 depressed 
weeds dynamics upto 79% and elevated yields by 19% (Sharif et al., 2005). 
Sorghum and sunflower aqueous extracts mixed with 50.0 g active 
ingredients of Bromoxynil+MCPA ha-1 decreased weeds density and dry weights 
by 88-95% increasing wheat yields by 35% (Iqbal et al., 2010). Sorghum and 
sunflower WE @18 L ha-1 mixed with ¼th rates of herbicides (meso+iodosulfuron, 
isoproturon, metribuzin and phenoxaprop) decreased dry weight of Avena fatua and 
Phalaris minor upto 89 and 92%, respectively (Mushtaq et al., 2010). Sunflower 
and sorghum extracts @ 18 L ha-1 was integrated with mesosulfuron + 
iodosulfuron, metribuzin + phenoxaprop and bensulfuron + isoproturon for weed 
control in wheat. Combination treatments reduced weeds more than 90%. Crop 
extracts with metribuzin +phenoxaprop produced maximum yield and yield 
components (Razzaq et al., 2012). 
Aqueous extracts of sorghum, sunflower and mulberry alone @ 20 L ha-1 
reduced density and biomass of common grassy weeds in wheat by 34-67%. 
Integration of aqueous extracts along with lower (25 and 50%) rates of Atlantis® 
gave similar weed control as that obtained by recommended rates 
(iodo+mesosulfuron 3.6+7.2 g a.i. ha-1) (Khaliq et al., 2011 a). Shahid et al. (2007) 
used allelopathic crops extracts and herbicides alone and in combination with each 
other at 30 DAS in wheat under irrigated system. Allelopathic extracts and 
herbicides decreased weeds density and biomass. Sunflower extract increased 
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yields of wheat by 9.75% and affinity by 19.50%. Combination of sunflower 
extract and half dose of affinity increased the yield by 27%.  
Residues of sorghum, sunflower and brassica delayed sprouting of purple 
nutsedge tubers. Combined residue incorporation was more effective than single 
crop residues. Sorghum + brassica residues were more effective and did not allow 
sprounting of tubers. Sole incorporation of residues decreased germination, shoot 
length and shoot dry weight by 41-45, 21-100 and 50-100% while combined 
residues reduced these parameters by 27-100, 17-100 and 47-100%, respectively 
(Matloob et al., 2010). Khaliq et al. (2011 b) found that germination percentage, 
rate and time, lengths of root and shoots, number of leaves and leaf area of horse 
purslane (Trianthema portulacastrum) were inhibited with sorghum, sunflower and 
brassica residues mixed @ 6 g kg-1 soil in pots. It caused maximum mortality 
(71%) of seedlings of target species. Sorghum and sunflower combined extract at 
100% concentration completely arrested the germination of horse purslane. Foliar 
application of this extract decreased shoot dry weight of horse purslane by 66% 
(Mahmood et al., 2010).  
Sorgaab @ 12 L ha-1 + pendimethalin @ 833 g active ingredients ha-1 
declined weeds biomass by 85% at 45 DAS while sorgaab @ 12 L ha-1 combined 
with pendimethalin @ 416 g a.i. ha-1 caused the maximum suppression of weeds 
(32%) at 65 days after sowing (Cheema et al., 2005 a). Sorghum aqueous extracts 
at 12 L ha-1 mixed with one third dose of pendimethalin in cotton decreased 
biomass of Trianthema spp. by 76% and enhanced yields upto 72%. Three times 
application of sorghum extract (12 L ha-1) diminished weeds population and dry 
mass by 47 and 29% and elevated yields by 54.5%. Sorgaab mixed with s-
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metolachlor increased yields by 70.0% (Cheema et al., 2002 b). Sorghum water 
extract @ 10 L ha-1 + s- metolachlor @ 667 and 333 g a.i. ha-1 decreased dry 
weight of weeds in cotton by 58-71% and 50-74%, respectively (Cheema et al., 
2003 c). Awan et al. (2009) achieved the highest weeds control and biological 
yields of sunflower with recommended rates of pendimethalin followed by 
combination of pendimethalin with allelopathic extracts of sorghum and sunflower. 
Sorghum water extracts @ 12.0-15 L ha-1 integrated with half to 1/3rd rates 
of s- metolachlor controlled purple nutsedge (Cyperus rotundus L.) by 62-92% and 
decreased its dry weight by 75-88% in cotton (Gossypium hirsutum L.) under 
irrigated conditions (Iqbal and Cheema, 2008). Sorghum, sunflower and brassica 
water extracts (15 and 18 L ha-1) mixed with glyphosate diminished weight and 
density of purple nutsedge by 83-95 and 78-95% in cotton. Sorghum and sunflower 
extracts mixed with lower rates of glyphosate increased cotton yield by 13-19% 
while that by 15-21% with sorghum, brassica and glyphosate combinations (Iqbal 
et al., 2009). 
Residues of sorghum, sunflower and brassica incorporated in soil @ 6g kg-1 
diminished germination by 11-15% and 11-27% of rice and Echinochloa colona L., 
respectively. The effect on jungle rice was more than rice. Their root and shoot dry 
weights decreased by the residues (Khaliq et al., 2011 c). 
Sunflower water extracts mixed with pretilachlor decreased ED95 (dose 
causing 95% suppression of weeds) of pretilachlor to control emergence and fresh 
weight of shoot of barnyard grass (Echinochloa crus-galli) by 79 and 82% 
(Masilamany et al., 2011). Sorgaab in combination with reduced rates of 
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ethoxysulfuron and butachlor diminished dry weight of weeds by 77% at 45 days 
after transplanting of rice. Sorgaab @ 12 L ha-1 + butachlor @ 600 g a.i. ha-1 
improved yield of rice by 13% (Cheema et al., 2005 b). 
Sorghum and sunflower aqueous extract @ 18 L ha-1 decreased weeds 
density in rice by 50% and dry weight by 49%. Allelopathic extracts along with 
half rate of Ryzelon 240 SC were equal in efficacy to recommended rate of 
herbicides upto 40 but lower at 60 days after transplanting (Cheema et al., 2010). 
Sorghum, sunflower and rice water extracts mixed with half dose of butachlor, 
pretilachlor and ethoxysulfuron decreased density and dry weight of barnyard 
grass, crowfoot and flat sedge by 75, 74 and 67% and 66, 76 and 71%, 
respectively. Water extracts with 1/3 rates of butachlor, pretilachlor and 
ethoxysulfuron decreased density of weeds by 68, 60, 67% and biomass by 63, 67 
and 72%, respectively. Mixture of crop extracts increased yield of rice by 29% 
while these extracts with half dose of butachlor, pretilachlor and ethoxysulfuron 
enhanced rice yields by 61, 59 and 41% (Rehman et al., 2010). 
Combination of sorgaab @ 10 L ha-1 with reduced doses of s-metolachlor 
and pendimethalin decreased dry weight of weeds equivalent to recommended rates 
of herbicides and hand weeding at 30 days after sowing in mungbean (Khaliq et al., 
2002). Cheema et al. (2003 d) achieved 63-95% suppression of weeds biomass by 
combining sorgaab with low rates of pendimethalin. Recommended rates of 
pendimethalin produced similar mungbean yields as those of sorgaab + 
pendimethalin @ 0.50 kg active ingredients ha-1. 
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Aqueous extracts of sorghum and sunflower + pendimethalin @ 600 g 
active ingredients ha-1 suppressed weeds maximally at 40 and 60 DAS and 
achieved maximum yields of canola crop (Jabran et al., 2008). Combinations of 
herbicide with sorghum, sunflower, mustard and rice water extracts controlled 
purple nutsedge, horse purslane, swine cress and lambsquartes better than 
recommended dose in canola. The dose of herbicide can be reduced to 67% by 
combination with allelopathic extracts (Jabran et al., 2010). 
Reviews in previous pages conclude that allelopathy offers a great potential 
to manage weeds in crops. Different crops have phytotoxic effects on weeds 
species. Allelopathic potential of sorghum, sunflower, barley and brassica have 
been reported in many studies. Allelopathic effects are plant parts, species specific, 
and concentration dependent. Mixtures of allelochemicals produced pronounced 
effect. Furthermore, crop extracts can be combined with herbicides to increase 
efficacy of extracts and reduce herbicide usage. 
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Chapter 3 
MATERIALS AND METHODS 
The effects of allelopathic crop extracts alone and combined with lower 
doses of herbicides on weeds in wheat and groundnut crops were studied through 
field experiments conducted at Research Farm of PMAS-Arid Agriculture 
University Chakwal Road Rawalpindi during 2009 to 2011. The soil type of 
experimental site was sandy loam to loam. Physicochemical characteristics of 
experimental sites are presented in Table 1. 
3.1 PREPARATION OF CROP WATER EXTRACTS 
The herbage of four (4) allelopathic crops i.e. sunflower (Helianthus 
annuus L. cv. Shamas), sorghum (Sorghum bicolor L. cv. Chakwal sorghum), 
barley (Hordeum vulgare L. cv. Stirling) and brassica (Brassica campestris L. cv. 
Chakwal Sarson) were collected at their maturity from the farm. It did not contain 
any economic parts and only straw was utilized for making their extracts. The 
herbage was dried and kept under shade to avoid any losses of allelochemicals. 
Dried crop straw was chopped into small pieces (2-3 cm) and stored to make fresh 
water extract. The chopped herbage of each crop was soaked with tap water in the 
proportion of 1:10 (w/v) at room temperature for 24 hours. The extract was filtered 
with the help of sieves. The filtrate was boiled to reduce the volume upto 20 times 
(Cheema and Khaliq, 2000). This concentrated crop water extract was used in 
respective treatments in the study. Sorghum and sunflower water extracts along 
with Atlantis® were studied on wheat while barley and brassica with haloxyfop on 
groundnut crop. 
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3.2 CROP ESTABLISHMENT  
The experiments in field were arranged in randomized complete block 
design using 4 replicates. Individual plot size in all experiments was uniform 
equivalent to 6x5 m. Wheat (cv. Chakwal-50) was drilled on November 14, 2009 
during first year and on October 30, 2010 during second year. It was sown with the 
help of rabi drill using pre treated (Topsin-M @ 2 g kg-1 seed) seed @ 100 kg ha-1 
with 25 cm apart rows. Fertilizers were applied uniformly in all treatments @ 75, 
60, 60 NPK kg ha-1 at time of sowing (Ahmad and Rashid, 2003). No irrigation 
was applied and the crop was managed under rainfed conditions. Knapsack sprayer 
equipped with flat fan nozzle was employed manually for application of chemicals. 
Calibration was performed before spray using plain water and 375 L water ha-1 was 
determined as total volume of liquid to spray. Herbicide alone and its mixtures with 
concentrated allelopathic crop water extracts were used only at 40 days after 
sowing (DAS), while extracts alone and their own combinations were sprayed at 40 
and 60 DAS. 
Groundnut (Arachis hypogaea L. cv. BARI 2000) was sown on April 24, 
2009 for first year and the experiment was repeated during 2011 and sowing was 
carried out on April 14, 2011. Sowing of the experiment was also done during 2010 
but it failed to germinate successfully due to lack of moisture (a prerequisite for 
germination). Groundnut was sown using kernels @ 100 kg ha-1 with pores 
attached on tractor mounted cultivator at spacing of 45 cm. Treated seed with 
Topsin-M @ 2 g kg-1 was dropped manually in pores. Plant to plant distance was 
maintained at 15 cm by uprooting extra plants. Recommended rates of fertilizers 
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i.e. 25, 75, 50 NPK kg ha-1 were used uniformly in all treatments at final seed bed 
preparation (Ahmad and Rashid, 2003). Herbicide and its combinations with crop 
extracts were sprayed at 30 DAS only. Allelopathic crop extracts alone and their 
mixtures were sprayed at 30 and 50 DAS with Knapsack sprayer after calibration 
using water @ 375 L ha-1. 
3.3 METEOROLOGICAL DATA  
The meteorological data were collected from the nearest meteorological 
station for the whole period of study and presented in tables-2- 4. 
3.4 FIELD EXPERIMENTS 
The field experiments conducted on wheat and groundnut crops are as 
under: 
3.4.1 Experiment No. 1: Combined effect of allelopathic crop water extract with 
low doses of herbicide on weeds and yield of wheat. 
3.4.1.1 Treatments 
T1 Control (weedy check). 
T2 Hand weeding (40 days after sowing). 
T3 Atlantis® 3.60 WG (mesosulfuron + iodosulfuron) @ 14.40 g active ingredients 
(a.i.) ha-1 spray at 40 days after sowing (DAS). 
T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 40 & 60 DAS. 
T5 Conc. sunflower water extract @ 20 L ha-1 spray at 40 & 60 DAS. 
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Table 1: Physicochemical properties of experimental site 
Field and Depth 
of sample 
E.C.  
(dS m-1) 
pH OM 
(%) 
Available P 
(mg Kg-1) 
Available K 
(mg Kg-1) 
Texture 
Groundnut 0-15 
cm  
0.62 7.6 0.62 3.7 60 Loam 
Groundnut 15-30 
cm  
0.70 7.6 0.21 3.2 60 = 
Wheat 0-15 cm 0.53 7.5 0.67 3.5 80 Sandy 
loam 
Wheat 15-30 cm 0.65 7.6 0.26 3.5 80 = 
Table 2: Meteorological data of year 2009 
Months Mean Min. T. 
(0C) 
Mean Max. 
T. (0C) 
Mean Relative 
Humidity (%) 
Total Rainfall 
(mm) 
January 2.01 18.21 89.87 19.70 
February 3.96 19.99 88.33 39 
March 7.98 25.28 80.26 39.8 
April 12.23 29.70 72.46 84.60 
May 17.90 37.24 44.18 39.90 
June 21.12 39.39 40.43 5.60 
July 22.52 36.51 64.12 189.35 
August 23.02 35.82 66.83 75.70 
September 19.90 34.90 61.19 40.00 
October 12.78 32.98 49.72 4.00 
November 7.13 23.00 60.65 7.09 
December 6.86 25.54 62.64 0.00 
Table 3: Meteorological data of year 2010 
Months Mean Min. T. 
(0C) 
Mean Max. 
T. (0C) 
Mean Relative 
Humidity (%) 
Total Rainfall 
(mm) 
January 2.05 17.75 66.60 19.70 
February 6.29 18.01 71.71 55.00 
March 12.73 28.98 57.95 16.30 
April 16.75 34.63 43.38 6.00 
May 20.03 35.96 42.49 56.10 
June 22.20 38.16 41.23 47.80 
July 23.91 35.34 66.10 238.10 
August 23.27 32.12 82.64 198.30 
September 19.70 31.73 67.85 52.30 
October 14.87 31.05 61.62 20.20 
November 6.86 25.54 62.64 0.00 
December -0.81 17.79 67.98 12.20 
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Table 4: Meteorological data of year 2011 
Month Mean Min. T. 
(0C) 
Mean Max. 
T. (0C) 
Mean Relative 
Humidity (%) 
Total Rainfall 
(mm) 
January -0.49 16.11 70.01 4.00 
February 6.56 16.11 75.99 87.70 
March 12.86 24.75 62.48 23.00 
April 13.32 28.03 53.77 44.20 
May 20.95 37.81 40.78 35.80 
June 24.65 38.04 49.65 51.50 
July 23.87 33.43 73.44 130.10 
August 24.07 31.67 82.00 237.95 
September 21.64 31.04 73.89 40.20 
October 14.75 29.95 54.70 16.50 
November 9.11 24.89 70.36 12.70 
December 2.20 19.31 67.56 0.00 
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T6 Conc. sorghum + Conc. sunflower water extract @ 10 + 10 L ha-1 spray at 40 & 
60 DAS. 
T7 Conc. sorghum + Conc. sunflower water extract @ 10 L ha-1 each + Atlantis® 
3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS. 
T8 Conc. sorghum + Conc. sunflower water extract @ 10 L ha-1 each + Atlantis® 
3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS. 
T9 Conc. sorghum + Conc. sunflower water extract @ 10 Lha-1 each + Atlantis® 
3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS. 
Atlantis is a selective, post emergence, broad spectrum, sulfonylurea group 
herbicide having ALS mode of action being used to control annual grasses and 
broadleaf weeds in wheat. 
3.4.2 Experiment No. 2: Combined effect of allelopathic crop water extract with 
low doses of herbicide on weeds and yield of groundnut. 
3.4.2.1 Treatments 
T1 Control (weedy check). 
T2 Hand weeding (30 days after sowing). 
T3 Haloxyfop (Percept®) 10.8 EC @ 108 g active ingredients (a.i.) ha-1 spray at 30 
days after sowing. 
T4 Conc. barley water extract @ 20 L ha-1 spray at 30 & 50 DAS. 
T5 Conc. brassica water extract @ 20 L ha-1 spray at 30 & 50 DAS. 
T6 Conc. barley + Conc. brassica water extract @ 10 + 10 L ha-1 spray at 30 & 50 
DAS. 
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T7 Conc. barley + Conc. brassica water extract @ 10 + 10 L ha-1 + Haloxyfop 10.8 
EC @ 27 g a.i. ha-1 spray at 30 DAS. 
T8 Conc. barley + Conc. brassica water extract @ 10 + 10 L ha-1 + Haloxyfop 10.8 
EC @ 54 g a.i. ha-1 spray at 30 DAS. 
T9 Conc. barley + Conc. brassica water extract @ 10 + 10 L ha-1 + Haloxyfop 10.8 
EC @ 81 g a.i. ha-1 spray at 30 DAS. 
Haloxyfop is a group A, post emergence, selective, translocated, foliar absorbed 
herbicide for the control of many grasses in many broad leaved crops and pastures. 
3.5 COLLECTED DATA 
Data on following parameters of the crops were collected. 
3.5.1 Wheat Crop 
3.5.1.1 Weeds density and biomass 
Weeds were cut at ground level at 15 days after second spray in wheat crop 
from a quadrate measuring 100x100 cm from two places of each plot. Weeds were 
separated into different species in laboratory and counted to note the population of 
weeds. Species wise weeds fresh weight was taken using electronic balance. The 
samples were kept in an oven for 48 hours at 72 0C for drying and then dry weight 
recorded. 
3.5.1.2 Leaf area (cm2) 
Random samples were collected from each plot by cutting wheat plants just 
above ground from an area measuring 25x25 cm. The samples were shifted to 
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laboratory and leaves were separated from stems. The leaf area measurements were 
determined using leaf area meter at 20 days intervals up till crop maturity. 
3.5.1.3 Leaf area index 
Leaf area index were obtained by division of acquired leaf area with 
corresponding ground area (Radford, 1967). 
3.5.1.4 Dry matter accumulation (g m-2) 
Dry matter (DM) accumulated per m2 by wheat crop was also recorded upto 
maturity at intervals of twenty days starting from 40 days after sowing. Randomly 
collected plant samples from an area of 25x25 cm each time were chopped into 
small pieces and dried in the oven at 72 0C uptill constant weight. The dry weight 
was recorded as g m-2. 
3.5.1.5 Crop growth rate (g m-2 day-1) 
Crop growth rate was calculated using DM accumulation of crop at 20 days 
intervals. The gaind DM (W2-W1) was divided with time period (t2-t1) which was 
20 days in this study (Hunt, 1978). 
3.5.1.6 Net assimilation rate (g m-2 day-1) 
Net assimilation rate is accumulation of dry matter per unit leaf area 
reflecting efficiency of photosynthesizing area. It was calculated by using the 
formula described by Radford (1967). 
NAR = (dW/dt) x [(ln LAI2-lnLAI1) / (LAI2-LAI1)] 
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Where, dW/dt stands for the change in dry weight per unit of time; ln: 
Natural logarithm; LAI2 and LAI1 stands for leaf area index at second and first 
harvest, respectively. 
3.5.1.7 Relative growth rate (day-1) 
Relative growth rate (RGR) was determined adopting the formula described 
by Radford (1967).  
RGR = lnW2-lnW1/t2-t1  
Here, ln stands for natural logarithm. W1and W2 represents dry weight at time t1 
and t2, respectively. 
3.5.1.8 Plant height (cm) 
A random sample of ten mature plants was selected at crop maturity. Height 
was measured with meter rod from ground to top of spikes and average was 
recorded. 
3.5.1.9 Total numbers of fertile tillers per unit area 
Total numbers of fertile tillers per m2 from each plot were counted at crop 
maturity. 
3.5.1.10 Spike length (cm) 
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Spike length of 10 randomly selected spikes per plot was recorded at 
maturity. Measurement of length was made from basal spikelet to tip of spikes 
excluding awns. Then average was calculated and recorded as observation. 
3.5.1.11 Numbers of spikelets per spike 
Spikelets number was counted at maturity from each plot by sampling ten 
spikes randomly and then averaged. 
3.5.1.12 Numbers of grains per spike 
Ten spikes from each plot at maturity were collected at random. Grains 
were separated and counted. Average number was recorded as an observation. 
3.5.1.13 Thousand grain weight (g) 
The produce of individual plot was sampled randomly three times to collect 
grains. These were counted for separating 1000 grains. Their weight was recorded 
and average was worked out. 
3.5.1.14 Biological yield (kg ha-1) 
Above ground plant material from center of each plot measuring an area of 
5 m2 (5 m x 4 rows) was harvested at maturity and weighed. The weight obtained 
was converted to kilograms ha-1. 
3.5.1.15 Grain yield (kg ha-1) 
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Each plot was harvested and threshed manually. Grain yield from an area of 
5 m2 (5 m x 4 rows) per plot was determined with electronic balance and it was 
changed to kg ha-1. 
3.5.1.16 Harvest index (%) 
Harvest index (HI) per plot was recorded by the given formula. 
HI = (Grains yield / Biological yield) * 100 
3.5.1.17 Grain starch content (%) 
A random grains sample was collected from every plot produce and starch 
contents were determined by starch acid hydrolysis method (Anonymous, 1979). 
3.5.1.18 Protein content (%) 
Nitrogen content of wheat grains was determined by Kjeldahl‟s apparatus 
(Harold et al., 1981). Nitrogen contents were changed to proteins by multiplication 
with a factor of 6.25(Charrondiere et al., 2004). 
3.5.2 Groundnut Crop 
3.5.2.1 Weeds density and biomass 
Weeds were collected at 15 days after second spray from groundnut crop 
using a quadrate measuring 100x100 cm at two places of each plot. Weeds were 
separated species wise in laboratory and counted. Weeds fresh weight was taken 
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using electronic balance. The samples were oven dried at 72 0C for 48 hours and 
dried weight recorded. 
3.5.2.2 Leaf area (cm2) 
A sample of five plants was selected randomly from each plot at 20 days 
interval starting from 40 days after sowing uptill crop maturity. The samples were 
shifted to Laboratory and separated leaves from the plants. Leaf area meter was 
used to measure the leaf area and observations recorded.  
3.5.2.3 Leaf area index 
Leaf area index were obtained by division of acquired leaf area with 
corresponding ground area (Radford, 1967). 
3.5.2.4 Dry matter accumulation (g m-2) 
Dry matter accumulated per m2 by groundnut was recorded at 20 days 
intervals starting from 40 days after sowing upto maturity. Randomly collected 5 
plants per plot were chopped into small pieces each time and dried in the oven at 
72 0C untill constant weight. The dried samples weight was recorded as g m-2. 
3.5.2.5 Crop growth rate (g m-2 day-1) 
Crop growth rate was calculated using DM accumulation of crop at 20 days 
intervals. The gaind DM (W2-W1) was divided with time period (t2-t1) which was 
20 days in this study (Hunt, 1978). 
3.5.2.6 Net assimilation rate (g m-2 day-1) 
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Net assimilation rates (NAR) were calculated employing the formula 
described by Radford (1967). 
NAR = (dW/dt) x [(ln LAI2-lnLAI1) / (LAI2-LAI1)] 
Where, dW/dt stands for the change in dry weight per unit of time; ln: 
Natural logarithm; LAI2 and LAI1 stands for leaf area index at second and first 
harvest, respectively. 
3.5.2.7 Relative growth rate (day-1) 
Relative growth rates (RGR) were determined using formula described by 
Radford (1967).  
RGR = lnW2-lnW1/t2-t1  
Where, ln stands for natural logarithm. W1and W2 represents dry weights at times t1 
and t2, respectively. 
3.5.2.8 Plant population 
Number of plants per unit area (m2) were counted from each plot randomly 
at maturity. 
3.5.2.9 Number of pods per plant 
Plants were dug out and pods per plant were counted from randomly 
selected five plants at crop harvesting. The average was recorded as an observation. 
3.5.2.10 Numbers of kernels per pod 
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Numbers of kernels from 100 randomly selected pods per plot were counted 
and then averaged. 
3.5.2.11 Hundred (100) kernal weight (g) 
The pods were threshed to separate kernels. Three random samples of 100 
kernels were collected from the produce of every plot and 100 kernels weight was 
measured with electronic balance. Then, average was taken. 
3.5.2.12 Biological yield (kg ha-1) 
Total weight of plants along with pods from an area of 5 m2 (2.78 m x 4 
rows) per plot was recorded and converted to Kg ha-1. 
3.5.2.13 Pods yield (kg ha-1) 
After harvesting, threshing was carried out to separate pods from plants. 
Weight of pods from 5 m2 was taken with balance and transformed to kg ha-1. 
3.5.2.14 Harvest index (%) 
Harvest index (HI) was recorded employing the formula depicted below. 
HI = (Pods yield / Biological yield) * 100 
3.5.2.15 Oil content (%) 
A kernels sample of groundnut was collected randomly from the produce of 
individual plot and analyzed to determine oil content through NMR (Jambunathan 
et al., 1985). 
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3.6 STATISTICAL ANALYSIS  
The collected data were analyzed by Fisher‟s analysis of variance technique 
and comparison of treatments means was performed using least significant 
difference test (LSD) on 5% probability (Montgomery, 2001). Analysis was 
performed separately for both years. 
3.7 ECONOMIC AND MARGINAL ANALYSES 
Economic analyses were performed using market prices of the commodities 
and variables costs. Marginal analysis was conducted as described by Byerlee 
(1988). 
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Chapter 4 
RESULTS AND DISCUSSION 
4.1 WHEAT CROP 
4.1.1 Effect of Treatments on Weeds 
4.1.1.1 Density of weeds at 75 days after sowing (DAS) 
The weed species found at experimental site included field bind weed 
(Convolvulus arvensis L.), fumitory (Fumaria indica L.), common vetch (Vicia 
sativa L.), lambsquarters (Chenopodium album L.) and wild oat (Avena fatua L.). 
Field bind weed was the major one in the experiments. All these weeds were 
annuals except field bind weed having perennial growth habit. 
4.1.1.1.1 Density of field bind weed (Convolvulus arvensis L) at 75 DAS 
Density of field bind weed reduced by 5 to 75% with different weed control 
treatments during both years at 75 DAS (Table 5). The maximum weed control 
(66-75%) was achieved by hand weeding (T2) followed by combination of 
allelopathic extracts with low doses of Atlantis® 3.6 WG (T9) and recommended 
rate of the herbicide (T3). Crop extracts decreased density of field bind weed by 5-
31% and their combinations with herbicide diminished it by 19-56% during both 
years.  
Relatively higher densities of field bind weeds were recorded during 2009-
10 compared with 2010-11. It may be due to better emergence and crop 
establishment suppressing weeds germination during second season. Germination 
of wheat crop was better during second compared with first season due to moisture 
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availability (Rainfall from September to April was 149.09 and 243.6 mm during 
first and second season, respectively). Marcinkevičienė et al. (2010) concluded 
better crop stand decreased density of weeds. 
 Results of present study revealed that crop extracts combined with lower 
rates of Atlantis® 3.6 WG can control field bind weed density equivalent to its full 
dose. Herbicide dose may be reduced by combining it with allelopathic aqueous 
extracts. Cheema et al. (2002 a) observed 26-36%.reduction of field bind weed 
density with two sprays of sorghum water extracts.  
4.1.1.1.2 Density of fumitory (Fumaria indica L) at 75 DAS 
Density of fumitory varied from 0.5 to 27.5 among all treatments during 
2009 and 2010 (Table 6). The highest weed control was achieved from hand 
weeding (75-80%) followed by spray of Atlantis® 3.6 WG at full dose (50-66%) 
during the study.  
 Relatively higher densities of fumitory were recorded during second year 
compared with first year at 75 DAS. It may be due to augmentation of seed bank of 
the weed. Similar results have been presented by Smith et al. (2009) and 
Auškalniene and Auškalins (2009) who concluded that weeds population increased 
with increasing seed bank. Crop extracts depressed densities of fumitory by 33 to 
43% during 2010-11. Combination of extracts with lower rates of Atlantis® 
diminished those by 48–64%. These treatments (T8 and T9) gave statistically 
similar control of fumitory as that achieved by T3. Hence, findings of present study 
are in line with earlier conclusions. Ashraf and Akhlaq (2007) reported hand 
weeding decreased fumitory by 51% and sorghum parts extracts reduced it by 12-
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36% at 80 DAS. Herbicide (Logran) controlled its density by 77%. Sorghum and 
sunflower @ 6 L ha-1 two sprays at 30 and 40 DAS decreased density of fumitory 
by 20-25% (Jamil, 2004). Khaliq et al. (2011 d) observed complete control of 
fumitory with Atlantis® 3.6 WG at its full dose. 
4.1.1.1.3 Density of common vetch (Vicia sativa L) at 75 DAS 
Common vetch was recorded only during 2009-10 (Table 7). The absence 
of the weed during second year may be due to unavailability of the weed seeds and 
better crop establishment. These observations resemble with Marcinkevičienė et al. 
(2010) who suggested that weeds population depended upon availability of weed 
seeds and crop stand.  
Hand weeding and herbicide (recommended rate) gave maximum control of 
common vetch density (97-98%). The lowest weed density (0.5) was recorded from 
T2 followed by T3 (1.0) and T9 (2.0) and these were at par among each other. Crop 
extracts alone and their combination reduced density of common vetch by 35-41%.  
Mixtures of extracts with low doses of herbicide (T7, T8 and T9) depressed 
density of common vetch by 83-93%. These treatments were statistically at par 
among each other but significantly different as compared to control at 75 DAS. The 
findings are similar with those of Chaudhary et al. (2011) who reported Atlantis® 
(meso+iodosulfuron) at recommended rates decreased density of common vetch by 
93%. The results indicated that crop extracts can decrease density of common vetch 
and their strength increased by combining with lower rates of herbicides to get 
similar weed control as obtained by full dose of herbicides. 
4.1.1.1.4 Total weeds density at 75 DAS  
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Table 5: Effect of weed control treatments on density (weed plants m-2) of field 
bind weed (Convolvulus arvensis L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 21.5 a 12.0 a 
T2 Hand Weeding 7.25 f 
(66.28) 
3.0 f 
(75.00) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 15.5 cd 
(27.91) 
6.5 de 
(45.83) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
20.5 ab 
(4.65) 
9.0 b 
(25.00) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
20.0 ab 
(6.98) 
9.5 b 
(20.83) 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
19.25 ab 
(10.46) 
8.25 bc 
(31.25) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
17.5 bc 
(18.60) 
8.25 bc 
(31.25) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
13.5 de 
(37.21) 
7.25 cd 
(39.58) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
12.0 e 
(44.19) 
5.25 e 
(56.25) 
LSD at α 5% 3.29 1.44 
Table 6: Effect of weed control treatments on density (weed plants m-2) of fumitory 
(Fumaria indica L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 2.0 a 27.5 a 
T2 Hand Weeding 0.5 b 
(75) 
5.5 e 
(80) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 1.0 ab 
(50) 
9.25 d 
(66.36) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
1.5 ab 
(25) 
16.5 bc 
(40.0) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
1.25 ab 
(37.5) 
18.5 b 
(32.73) 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
1.75 a 
(12.5) 
15.75 c 
(42.73) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
1.25 ab 
(37.5) 
14.25 c 
(48.18) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
2 a 
(0) 
10.5 d 
(61.82) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
1.25 ab 
(37.5) 
9.75 d 
(64.54) 
LSD at α 5% 0.24 2.44 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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All treatments decreased total weeds density significantly as compared to 
control (T1). Total weeds density at 75 DAS varied from 8.5 to 54.5 weeds m-2 
during both years (Table 8). Hand weeding was the most efficient method to 
diminish weeds population. It controlled total weeds density from 78 to 84% during 
2010-11 and 2009-10, respectively. It was followed by T9 and T3 during both 
years. Allelopathic crop extracts controlled total weed density by 23 to 30% as 
compared to control but they were statistically similar among each other. 
Combination of allelopathic extracts with lower rates of herbicide (Atlantis® 3.6 
WG) improved suppressing effect of allelopathic extracts approaching to weed 
control comparable with recommended rates of herbicide even at its half dose. The 
observations are harmonious with Cheema et al. (2003b) who concluded sorghum 
water extract combined with half rate of isoproturon was at par with full dose of 
herbicide in decreasing weeds density under irrigated conditions. Similarly 
sorghum + sunflower aqueous extracts @ 15-18 L ha-1 mixed with lower herbicides 
doses showed weed persistence and total weed density lower or similar to label 
rates of the herbicides (Mushtaq et al., 2010 and Jabran et al., 2010). Hand 
weeding was effective method in reducing weeds density (Abbas et al., 2009; 
Awan et al., 2012). Ashraf and Akhlaq (2007) found that sorghum parts water 
extracts diminished total density of weeds by 14-33%. Moreover, sorghum and 
sunflower water extracts decreased weeds density equivalent to herbicides (Khan et 
al., 2012). Atlantis® @ 14.4 g a.i. ha-1 decreased weeds density by 95-96% under 
irrigated conditions (Khaliq et al., 2011d). 
 It can be inferred from the results that crop extracts and herbicides 
(Atlantis®) may be used together to get equivalent weed control with lower 
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Table 7: Effect of weed control treatments on density (weed plants m-2) of common 
vetch (Vicia sativa L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 30.25 a 0 b 
T2 Hand Weeding 0.5 d 
(98.35) 
0 b 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 1.0 d 
(96.69) 
0 b 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
18.25 b 
(39.67) 
0 b 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
19.5 b 
(35.54) 
0 b 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
17.75 b 
(41.32) 
0 b 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
4.5 c 
(85.12) 
0.25 a 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
5 c 
(83.47) 
0 b 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
2.0 cd 
(93.39) 
0 b 
LSD at α 5% 3.08 0.24 
Table 8: Effect of different weed control treatments on total weeds density (weed 
plants m-2) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 54.5 a 41.75 a 
T2 Hand Weeding 8.5 e 
(84.40) 
9 e 
(78.44) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 18.5 d  
(66.06) 
17 d 
(59.28) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
41.75 b  
(23.39) 
30.5 b 
(26.95) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
42.0 b  
(22.94) 
31 b 
(25.75) 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
39.25 b  
(27.98) 
29.25 b 
(29.94) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
27.0 c  
(50.46) 
24 c  
(42.51) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
21.25 d  
(61.01) 
20 cd 
(52.10) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
16.5 d  
(69.72) 
16.75 d 
(59.88) 
LSD at α 5% 4.98 4.23 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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quantities of synthetic chemicals as achieved by their full doses. However, hand 
weeding ensured good weed control as compared to all other methods.  
4.1.1.2 Fresh weight of weeds at 75 DAS 
4.1.1.2.1 Fresh weight (g m-2) of field bind weed (Convolvulus arvensis L) at 75 
DAS 
Fresh weight of field bind weed varied from 4.24 to 36.06 g m-2 during both 
years at 75 DAS (Table 9). Minimum fresh weight was recorded from T2 during 
2009-10 and 2010-11. It controlled field bind weed fresh weight by 81-88%. 
Atlantis® 3.6 WG at full dose diminished weed fresh weight by 49-58% which was 
at par with T8 and T9. Crop extracts and their mixtures suppressed fresh weight of 
field bind weed by 14-30%. Combination of allelopathic extracts with Atlantis® 3.6 
WG reduced fresh weight by 29-63% which was statistically similar among each 
other.  
The results depicted that hand weeding was an effective treatment in 
reducing fresh weight of Convolvulus arvesnsis. Half dose of Atlantis® 3.6 WG can 
control weeds fresh weight equivalent to its full dose when combined with 
allelopathic crop extracts. Similar findings were obtained by Cheema et al. (2001) 
who recorded 29-71% control of field bind weed with four sprays of sorghum 
water extracts. 
4.1.1.2.2 Fresh weight (g m-2) of fumitory (Fumaria indica L) at 75 DAS 
Fresh weight of fumitory decreased by 31-95% with weed control 
treatments compared with weedy check at 75 DAS (Table 10). The maximum 
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Table 9: Effect of weed control treatments on fresh weight (g m-2) of field bind 
weed (Convolvulus arvensis L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 31.24 a 36.06 a 
T2 Hand Weeding 6.06 f 
(80.60) 
4.24 d 
(88.26) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 15.89 de 
(49.13) 
15.16 c 
(57.96) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
25.95 b 
(16.93) 
26.82 b 
(25.62) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
26.92 ab 
(13.83) 
27.15 b 
(24.72) 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
24.60 b 
(21.27) 
25.18 b 
(30.18) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
22.15 bc 
(29.12) 
18 c 
(50.09) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
18.54 cd 
(40.65) 
17.07 c 
(52.66) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
13.17 e 
(57.85) 
13.20 c  
(63.39) 
LSD at α 5% 5.26 5.07 
Table 10: Effect of weed control treatments on fresh weight (g m-2) of fumitory 
(Fumaria indica L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 2.41 a 15.93 a 
T2 Hand Weeding 0.11 c 
(95.34) 
2.23 e  
(86.02) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 0.52 c 
(78.57) 
6.20 d 
(61.08) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
1.23 b 
(49.17) 
9.86 bc 
(38.10) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
1.54 b 
(36.23) 
10.93 b 
(31.40) 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
1.15 b 
(52.38) 
9.04 c 
(43.22) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
1.20 b 
(50.21) 
7.20 d 
(54.82) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
1.19 b 
(50.52) 
6.65 d 
(58.25) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
1.15 b 
(52.48) 
6.26 d 
(60.67) 
LSD at α 5% 0.61 1.73 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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control of fresh weight of fumitory was achieved from T2 (86-95%) followed by 
T3 (61-79%) due to less weeds density. Hammad et al. (2010) found more weeds 
biomass from high weeds densities. Allelopathic extracts reduced fumitory fresh 
weight by 31-52% and their effect was statistically similar among each other. 
Allelopathic extracts and herbicide combinations depressed fresh weight by 50-
61%. The results exhibited that hand weeding gave good weed control. Herbicide 
at full dose gave similar control of fumitory fresh weight as that of extracts 
combinations with lower rates during 2010-11 at 75 DAS. Similar results were 
obtained by Ashraf and Akhlaq (2007) who observed 77% depression in fresh 
weight of fumitory with Logran (herbicide), 12-40% by sorghum extracts and 56% 
by hand weeding at 80 DAS. Similar outcomes were reported by Cheema et al. 
(2012) who found maximum inhibition of weeds obtained by synthetic herbicides 
followed by crop extracts (sorghum, sunflower and mulberry). 
4.1.1.2.3 Fresh weight (g m-2) of common vetch (Vicia sativa L) at 75 DAS 
Fresh weight of common vetch varied from 0.12 to 8.07 g m-2 in different 
treatments during 2009-10 at 75 DAS (Table 11). The maximum fresh weight 
reduction of common vetch was calculated from T2 (98.5%) followed by T3 
(95.4%) which were statistically different from control treatment. Allelopathic 
extracts decreased fresh weights by 31-37% as compared with control. Their 
combinations with reduced rates of Atlantis® 3.6 WG gave similar weed control as 
compared with T3. 
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Results demonstrated that fresh weight of common vetch would diminish 
equally by hand weeding, Atlantis® 3.6 WG and combination of allelopathic 
extracts with one half to two third rates of Atlantis® 3.6 WG. 
4.1.1.2.4 Total weeds fresh weight (g m-2) at 75 DAS  
Weed control treatments reduced total weeds fresh weight by 21-86% 
compared to control during both years at 75 DAS (Table 12). The maximum (83-
86%) reduction in total weeds fresh weight was calculated from T2 followed by T9 
(61-62%) and T3 (52-53%). Crop extracts alone and in combination with each 
other reduced total weeds fresh weight by 21-32%, yet were statistically at par with 
each other. Recommended dose of Atlantis® 3.6 WG reduced total weeds fresh 
weight by 53% and it was statistically at par with T8 and T9 during both years at 
75 DAS. Total weeds weight depended on density of total weeds. Higher densities 
produced more fresh weights. The findnings are in accordance with those of Moore 
et al. (2004) and Khan and Marwat (2006) who reported higher weeds biomass 
from more weeds populations.  
Results revealed that hand weeding was the most effective method of 
controlling total weeds fresh weight. Herbicide dose can be decreased by 
combining it with crop extracts to get equivalent weight loss of total weeds. The 
findings are in similarity with Jabran et al. (2010) who showed combination of 
sunflower and sorghum extract @ 15 L ha-1 mixed with pendimethalin @ 0.6 kg 
a.i. ha-1 provided similar weeds control as that of label dose. Awan et al. (2012) 
concluded that combined sorghum and sunflower extracts were effective in 
decreasing fresh weight. 
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Table 11: Effect of weed control treatments on fresh weight (g m-2) of common 
vetch (Vicia sativa L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 8.07 a 0 b 
T2 Hand Weeding 0.12 d 
(98.54) 
0 b 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 0.37 cd 
(95.42) 
0 b 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
5.14 b 
(36.38) 
0 b 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
5.09 b 
(36.96) 
0 b 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
5.61 b 
(30.59) 
0 b 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
1.04 c 
(87.06) 
0.28 a 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
0.54 cd 
(93.31) 
0 b 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
0.40 cd 
(95.08) 
0 b 
LSD at α 5% 0.92 0.27 
 
Table 12: Effect of weed control treatments on total weeds fresh weight (g m-2) at 
75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 43.18 a 55.58 a 
T2 Hand Weeding 7.33 g 
(83.03) 
7.64 e 
(86.26) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 20.82 ef 
(51.79) 
26.29 cd 
(52.71) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
33.40 b 
(22.66) 
40.37 b 
(27.37) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
34.26 b 
(20.66) 
39.68 b 
(28.62) 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
31.54 bc 
(26.97) 
37.72 b 
(32.14) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
26.84 cd 
(37.84)   
29.78 c 
(46.41) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
22.5 de 
(47.90) 
26.76 cd 
(51.85) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
16.46 f 
(61.88) 
21.82 d  
(60.75) 
LSD at α 5% 5.43 6.01 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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4.1.1.3 Dry weight of weeds at 75 DAS 
4.1.1.3.1 Dry weight (g m-2) of field bind weed (Convolvulus arvensis L.) at 75 
DAS 
All weed control treatments decreased dry weight of field bind weed 
significantly during 2009-10 and 2010-11 at 75 DAS (Table 13). Hand weeding 
was the leading treatments in reducing weed dry weight (81-89%) as compared to 
control. Allelopathic extracts controlled dry weight of field bind weed by 10-32% 
which were statistically similar with each other. Combinations of extracts with 
lower doses of Atlantis® 3.6 WG improved weed control efficiency of extracts. 
Weed control achieved with these combinations ranged from 24-65% and that was 
equivalent to full dose of Atlantis® 3.6 WG. The results showed that dry weight of 
field bind weed can be minimized efficiently by hand weeding. Herbicide dose can 
be decreased by combining it with allelopathic extracts. These findings confirmed 
results of dose reduction achieved by Mushtaq et al. (2010). 
4.1.1.3.2 Dry weight (g m-2) of fumitory (Fumaria indica L) at 75 DAS 
All treatments reduced dry weight of fumitory significantly at 75 DAS 
during 2010-11 but there was non significant difference between treatments during 
2009-10 (Table 14). 
During 2010-11, hand weeding reduced dry weight of fumitory by 86% as 
compared to control. Atlantis® 3.60 WG @ 14.40 g a.i. ha-1 reduced fumitory 
biomass weight by 60%, it was statistically similar to T7, T8 and T9 which 
controlled weeds dry weight by 52-61%. Crop extracts depressed dry weight of 
Fumaria indica by 33-39% during 2010-11 at 75 DAS. Results revealed that crop 
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Table 13: Effect of weed control treatments on dry weight (g m-2) of field bind 
weed (Convolvulus arvensis L.) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 5.45 a 8.13 a 
T2 Hand Weeding 1.05 e 
(80.68) 
0.88 g 
(89.15) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 3.79 c 
(30.52) 
3.21 ef 
(60.49) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
4.30 bc 
(21.02) 
6.03 b 
(25.89) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
4.90 ab 
(9.96) 
6.22 b 
(23.52) 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
4.28 bc 
(21.34) 
5.49 bc 
(32.44) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
4.14 bc 
(24.09) 
4.56 cd 
(43.94) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
3.74 c 
(31.39) 
4.09 de 
(49.72) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
2.27 d 
(58.28) 
2.81 f 
(65.47) 
LSD at α 5% 0.86 1.22 
Table 14: Effect of weed control treatments on dry weight (g m-2) of fumitory 
(Fumaria indica L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 0.32 a 2.81 a 
T2 Hand Weeding 0.03 a 
(89.84) 
0.40 d 
(85.69) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 0.04 a 
(89.06) 
1.12 c 
(60.09) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
0.25 a  
(21.87) 
1.72 b 
(38.76) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
0.21 a 
(35.16) 
1.76 b 
(37.51) 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
0.17 a 
(46.09) 
1.89 b 
(32.80) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
0.26 a 
(19.53) 
1.34 c 
(52.44) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
0.18 a 
(43.75) 
1.21 c 
(57.16) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
0.12 a 
(62.50) 
1.11 c 
(60.53) 
LSD at α 5% 0.36 0.26 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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extracts combined with low rates of Atlantis® 3.6 WG controlled fumitory 
equivalent to recommended dose of Atlantis® 3.6 WG and hand weeding, the most 
effective treatment towards reduction of fumitory dry weight. Ashraf and Akhlaq 
(2007) found that hand weeding depressed dry weight of fumitory by 52% while 
herbicide (Logran) by 73% and sorghum extracts by 11-36%. Sorghum and 
sunflower @ 6 L ha-1 two sprays decreased dry mass of fumitory by 48 -69% 
(Jamil, 2004). Khaliq et al. (2011d) found 100% reduction in dry weight of 
fumitory with Atlantis® 3.6WG @ 14.4 g a.i. ha-1 under irrigated conditions. 
4.1.1.3.3 Dry weight (g m-2) of common vetch (Vicia sativa L) at 75 DAS  
All treatments reduced dry weight of common vetch significantly at 75 
DAS during 2009-10 (Table 15). Crop extracts controlled dry weight by 40-44% as 
compared to control. All treatments except T3, T4 and T5 gave statistically similar 
reduction in biomass of the weed compared with T1. The results of the study 
demonstrated that hand weeding, herbicide alone and its combinations with 
allelopathic extracts were equally effective in reducing dry weight of common 
vetch. The findings are in harmony with those of Chaudhary et al. (2011) who 
achieved 93% control of common vetch by the application of Atlantis® 3.6 WG 
under irrigated conditions. 
4.1.1.3.4 Total weeds dry weight (gm-2) at 75 DAS 
All treatments reduced total weeds dry weight significantly as compared to 
control (T1) at 75 DAS (Table 16). The maximum reduction (85-87%) was 
observed from T2 followed by T9 and T3 during both years. Allelopathic extracts 
controlled total weeds dry weight by 21-32% at statistically equal level among each 
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Table 15: Effect of weed control treatments on dry weight (g m-2) of common vetch 
(Vicia sativa L) at 75 DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 2.14 a 0 b 
T2 Hand Weeding 0.04 c 
(98.25) 
0 b 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 0.01 c 
(99.42) 
0 b 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
1.19 b 
(44.33) 
0 b 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
1.22 b 
(42.69) 
0 b 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
1.28 b 
(40.23) 
0 b 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
0.29 c 
(86.43) 
0.06 a 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
0.16 c 
(92.51) 
0 b 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
0.16 c 
(92.40) 
0 b 
LSD at α 5% 0.34 0.06 
Table 16: Effect of weed control treatments on total weeds dry weight (g m-2) at 75 
DAS during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 8.15 a 11.52 a 
T2 Hand Weeding 1.25 f 
(84.70) 
1.49 g 
(87.07) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 3.90 e 
(52.18) 
5.05 ef 
(56.18) 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
6.21 b 
(23.85) 
8.32 b 
(27.77) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
6.47 b 
(20.63) 
8.32 b 
(27.79) 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
5.76 bc 
(29.31) 
7.83 bc 
(32.10) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
5.11 cd 
(37.34) 
6.69 cd 
(41.95) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
4.52 de 
(44.57) 
5.74 de 
(50.20) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
3.62 e 
(55.58) 
4.31 f 
(62.60) 
LSD at α 5% 1 1.25 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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other. Combination of extracts with herbicide decreased dry weight by 37-63% as 
compared to control. 
 The results revealed that hand weeding was effective technique in 
controlling biomass of total weeds. Combinations of allelopathic extracts with one 
half to two third dose of herbicide were equally effective to diminish total weeds 
dry weight as compared with full dose of herbicides. The outcomes are similar with 
Mushtaq et al. (2010) who exhibited that sorghum+sunflower aqueous extracts 
integrated with low doses of herbicides controlled weeds dry weight comparable 
with their recommended rates. Furthermore, Awan et al. (2012) concluded that 
joint sorghum and sunflower extracts were effective in decreasing dry weight of 
weeds. Atlantis® 3.6 WG controlled weeds dry weight by 70-72% (Singh et al., 
2009) and 99% (Khaliq et al., 2011 d) at 75 DAS as compared to weedy check. 
4.1.2 Effect of Treatments on Wheat 
4.1.2.1 Dry matter accumulation (g m-2) 
Dry matter of wheat increased progressively from 40 to 140 DAS during 
both seasons (Fig. 1 and 2). The lowest dry biomass was observed from T1 due to 
high weeds infestation and competition. At early crop growth stages (40-80 DAS) 
relatively less dry weight was produced during 2009-10 as compared to 2010-11 
because of lesser number of tillers per unit area.  
Dry matter accumulation was very slow from emergence to 80 DAS during 
2009-10 due to less plant population and moisture stress. However, it increased 
from 80 DAS due to favourable moisture conditions and reached maximum level at 
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140 DAS. The maximum dry matter (558 g m-2) was accumulated by T9 which was 
at par with T2 and T8 at 140 DAS.  
During second season (2010-11) wheat dry mass increased progressively 
from 40 to 140 DAS and decreased slightly at 160 DAS. The rate of increase in 
weight was lower at 80-100 DAS during 2010-11 compared with 2009-10 due to 
moisture stress. At maturity, the maximum (472.64 g m-2) dry matter accumulation 
was recorded from T2 which was at par with T3, T8 and T9 but significantly 
different from all other treatments. 
Higher dry matter accumulation observed from T2, T3, T8 and T9 during 
both years may be due to effective weeds suppression which led to better utilization 
of resources towards photosynthates production and assimilation. Similar results 
were achieved by Jamil (2004) with application of herbicides and their mixtures 
with allelopathic extracts. 
4.1.2.2 Leaf area (cm2) 
Progressive increase in leaf area of wheat was observed upto 100 DAS and 
thereafter declined (Fig. 3 and 4) during both seasons. Most of the treatments 
showed higher leaf area at 100 and 120 DAS as compared to control. Relatively 
higher values of leaf area were obtained during second season mainly due to more 
moisture availability at initial stages which helped better germination of the crop. It 
is obvious from the figures 3 and 4 that rate of increase of leaf area was rapid 
during 2009-10 at 80-100 DAS compared with 2010-11. This difference in 
augmentation of leaf area was due to moisture stress during 2010-11 during this 
period. A total of 48.70 mm rainfall received during 2009-10 with three rainy days  
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Figure 1: Effect of allelopathic extracts and their combinations on dry matter 
accumulation (g m-2) of wheat during 2009-10.  
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS.  
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Figure 2: Effect of allelopathic extracts and their combinations on dry matter 
accumulation (g m-2) of wheat during 2010-11. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS.
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Figure 3: Effect of allelopathic extracts and their combinations on wheat leaf area 
(cm2) during 2009-10. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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Figure 4: Effect of allelopathic extracts and their combinations on wheat leaf area 
(cm2) during 2010-11. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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while no rainfall was received during 2010-11 between 80-100 DAS (Table 3 and 
4). 
The maximum leaf area (685.7 cm2) was gained by T9 at 100 DAS during 
2009-10. Other treatments also improved leaf area as compared to control. The 
increase in leaf area may be due to weeds reduction which decreased competition 
of crop for resources. 
During second season no significant effect of treatments was observed 
uptill 80 DAS, afterwards weed control treatments increased leaf area as compared 
with control. The maximum (1163 cm2) leaf area was recorded from T2 which was 
at par with all treatments except T1 (1088.5 cm2). 
The results of present study depicted improvement in leaf area through 
weeds suppression. Similarly, Noor et al. (2012) obtained higher leaf area of wheat 
from hand weeding, herbicide application and spraying mixture of herbicide with 
allelopathic extracts. 
4.1.2.3 Leaf area index 
Leaf area index (LAI) increased from 40 DAS to 100 DAS and afterwards 
decreased during both seasons (Fig. 5 & 6). Relatively higher values were obtained 
during second season probably due to better moisture availability particularly at 
initial crop establishment stages and more numbers of tillers m-2. (Tillers numbers 
varied from 158 to 187 during 2009-10 and 171-201 m-2 during 2010-11).  
Leaf area index varied from 0.108 to 1.097 during first season. The 
maximum values were observed at 100 DAS. Significantly higher LAI was 
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Figure 5: Effect of allelopathic extracts and their combinations on wheat leaf area 
index during 2009-10. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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Figure 6: Effect of allelopathic extracts and their combinations on wheat leaf area 
index during 2010-11. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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recorded from T2 followed by T9, T3 and T8 compared with T1 at 120 DAS. 
Increase of LAI may be attributed to weeds suppression in these treatments. 
A non significant effect of treatments was observed on LAI from 40 to 80 
DAS during 2010-11. Higher LAI values were maintained by all weed control 
treatments as compared to T1 at 120 DAS. A slow increase of LAI was observed 
from 80 to 100 days after sowing compared with first season due to moisture stress 
faced during this period in second season. 
Increase of LAI in weed control treatments may be attributed to weeds 
reduction which decreased competition for resources. Cheema et al. (2002 a) 
obtained higher LAI with spray of sorghum water extracts in wheat. Hand weeding 
and herbicides application improved LAI values in wheat (Noor et al., 2012). 
4.1.2.4 Crop growth rate (g m-2 day-1) 
Crop growth rate (CGR) represents dry matter accumulation per unit time. 
It increased from 40 DAS and attained its climax at 120 DAS. Afterwards it 
decreased and reached the lowest level at 160 DAS during second seasons (Fig. 7 
& 8). The Maximum CGR was achieved by T2 and the minimum values were 
recorded from T1 at 120 DAS during both years. Relatively higher CGR values 
were calculated during second year at early stages (40-60 and 60-80 DAS) due to 
more dry matter accumulation because of moisture availability.  
During first season CGR increased slowly from 40-80 DAS then there was 
a sharp rise reaching to peak at 100-120 DAS. Growth rate declined after 120 DAS. 
The maximum CGR was recorded at 120 DAS from T2 (10.08 g m-2 day-1) which 
was statistically at par with all treatments.  
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Figure 7: Effect of allelopathic extracts and their combinations on crop growth rate 
during 2009-10. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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Figure 8: Effect of allelopathic extracts and their combinations on crop growth rate 
during 2010-11. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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During second season (2010-11) CGR increased to 4.50 g m-2 day-1 at 80 
DAS then it decreased due to moisture stress experienced between 80-100 DAS 
(No rainfall during 2010-11 but crop received 48.7 mm rainfall during 2009-10 
between 80-100 DAS growth period). Crop gained boost in growth and reached at 
its peak (7.03 g m-2 day-1) at 120 DAS. Growth rate declined after 120 DAS and 
maximum value of 3.27 g m-2 day-1 was achieved by T2 at 140 DAS. It was 
statistically similar with T3, T8 and T9 but significantly different from other 
treatments.  
Higher CGR values in T2, T3, T8 and T9 may be attributed to weeds 
reduction by these treatments which contributed towards more dry matter 
production. The findings are in harmony with those of Noor et al. (2012) who 
observed increase in CGR with herbicide application and hand weeding in wheat. 
4.1.2.5 Net assimilation rate (g m-2 day-1) 
Net assimilation rate (NAR) increased from 40 DAS and gained its peak at 
120 DAS, thereafter a declining trend was observed during both seasons (Fig. 9 & 
10). An abnormal decrease of NAR was observed at 100 DAS during 2010-11 may 
be due to moisture stress. Generally higher values of NAR were obtained at 80-100 
and 100-120 DAS during first year than second.  
Net assimilation rate improved gradually from 40 to 100 DAS in all 
treatments during 2009-10. Increments in NAR decreased as crop progressed after 
100 DAS towards maturity. There was a non significant effect of treatments on 
NAR at 120 DAS, however, the maximum NAR (10.22 g m-2 day-1) was achieved 
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Figure 9: Effect of allelopathic extracts and their combinations on net assimilation 
rate during 2009-10. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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Figure 10: Effect of allelopathic extracts and their combinations on net assimilation 
rate during 2010-11. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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by T8 followed by T2 while the lowest values (8.63 g m-2 day-1) were recorded 
from T1.  
During 2010-11, NAR showed a zigzag pattern. It increased from 2.03 g m-
2 day-1 at 40-60 DAS and reached its peak (4.01 g m-2 day-1) at 60-80 DAS. It 
decreased sharply between 80-100 DAS and rose to higher value at 100-120 DAS. 
The maximum (4.21 g m-2 day-1) value of NAR was attained by T2 at 100-120 
DAS and the lowest (3.58 g m-2 day-1) was calculated from T1. Depression in NAR 
at 80-100 DAS may be due to moisture stress experienced during 2010-11 which 
reduced crop growth rate. From 120 DAS onwards NAR decreased gradually and 
achieved negative values at 160 DAS. 
4.1.2.6 Relative growth rate (g g-1 day-1) 
Relative growth rate (RGR) increased from 40-60 DAS to 60-80 DAS 
during both seasons. More or less it increased and reached its maximum value at 
80-100 DAS during first year while the maximum values of RGR were recorded at 
60-80 DAS during second year. Relative growth rate (RGR) was influenced non 
significantly by all treatments from 40-120 DAS during both years (Fig. 11 & 12).  
Relative growth rate increased from 40-60 DAS to 80-100 DAS during 
2009-10. It declined after 100 DAS and reached its minimum level at 120-140 
DAS. The highest relative growth rates (0.062 g g-1 day-1) were achieved from T2 
at 80-100 DAS. At 140 DAS the maximum (0.013 g/g/day) RGR values were 
obtained again from T2 which was at par with T3 and T9.  
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Figure 11: Effect of allelopathic extracts and their combinations on RGR of wheat 
during 2009-10. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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Figure 12: Effect of allelopathic extracts and their combinations on RGR of wheat 
during 2010-11. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS. 
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During second year RGR increased from 40-60 DAS and reached its 
maximum level at 60-80 DAS. It decreased at 80-100 DAS abnormally, increased 
again and then declined gradually to reach negative level at 160 DAS. The 
reduction in RGR between 80-100 DAS may be due to moisture stress which 
resulted in less dry matter accumulation and crop growth rate during this period. At 
140 DAS, the highest (0.009 g g-1 day-1) values of RGR were observed from T2 
which was statistically similar with all treatments except T1, T4 and T5. 
The higher relative growth rates from T2, T3 and T9 may be ascribed to 
weeds suppression and more dry matter accumulation with these treatments. 
4.1.2.7 Plant height (cm) 
Plant height shown in table 17 varied between 65.77 cm to 71.18 cm during 
both years. All treatments were statistically similar, however, T2 (70.58 cm) 
produced the tallest plants followed by T9 and T8 during 2009. The shortest plants 
(65.77 cm) were observed from T1 which was at par with T4, T5, T6 and T7.  
All treatments except T1 produced plants of similar height, however, T9 
(71.18 cm) produced the tallest plants during 2010-11. Plant height from T2, T3, 
T8 and T9 was significantly higher than control (65.77 cm). 
Plant height was lower in T1 as compared with other treatments during both 
years. It may be due to more weeds density and competition for resources. Taller 
plants were observed from T2, T3, T8 and T9 because of weed control achieved by 
these treatments. Hand weeding was found to increase plant height of wheat 
(Rajpar et al., 2010). Ashraf and Akhlaq (2007) reported that hand weeding and 
herbicide application increased plant heights but statistically at par with weedy 
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check. Non significant effect on plant height was observed with allelopathic 
extracts combined with lower herbicide doses (Elahi et al., 2011). In other studies 
Iqbal et al. (2010) found that sorghum, sunflower and brassica water extract 
combined with lower doses of bromoxynil+MCPA increased plants height. 
Cheema et al. (2002 a) obtained shorter wheat plants by one and two sprays of 
sorghum aqueous extracts contrary to present studies. 
4.1.2.8 Fertile tillers m-2 
All weed control treatments increased number of fertile tillers m-2 as 
compared with control. It varied from 158 to 201 during both years (Table 18). 
Lower numbers of tillers were recorded from T1 which may be due to high weeds 
infestation.  
Maximum numbers of fertile tillers (187.13) were obtained from T2 which 
were similar with T3, T8 and T9. It was due to better weed control achieved in 
these treatments as compared with control during 2009-10. Crop water extracts 
showed similar number of fertile tillers m-2 statistically, however, T6 gave higher 
number (172.44) among them. 
Similar results were also obtained during second year. Hand weeding (T2) 
produced the highest number of fertile tillers (200.75) as compared with other 
treatments. Allelopathic crop extracts gave statistically similar numbers as those of 
control. 
Herbicide (Atlantis® 3.6 WG) applied at recommended dose and its ½ and 
¾th rates mixed with allelopathic extracts were equally effective in increasing 
number of fertile tillers m-2 of wheat during both years. Increase of fertile tillers in 
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Table 17: Effect of weed control treatments on plant height (cm) of wheat during 
2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 67.5 65.77 b 
T2 Hand Weeding 70.58 70.58 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 69.97 70.43 a 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
67.72 67.62 ab 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
68.71 68.22 ab  
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
68.9 68.65 ab 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
69.34 69.09 ab 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
70.15 70.77 a 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
70.53 71.18 a 
LSD at α 5% NS 3.98 
Means having common letters reflect non significance at α = 5%. 
Table 18: Effect of weed control treatments on fertile tillers m-2 during 2009-10 
and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 158.31 e 171.35 d 
T2 Hand Weeding 187.13 a 200.75 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 181.81 ab 195.7 ab 
T4 Concentrated (Conc.) sorghum water extract @ 20L 
ha-1 spray at 40 and 60 DAS 
167.31 cde 175.05 cd 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 
60 DAS 
163.31 de 173.45 d 
T6 Conc. sorghum + sunflower water extract at 10+10 
Lha-1 spray at 40 and 60 DAS 
172.44 bcd 178.5 bcd 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
178.13 abc 180 bcd 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
184 ab 193.8 abc 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
186.06 a 198.35 ab 
LSD at α 5% 12.97 20.10 
Means having common letters reflect non significance at α = 5%. 
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weed control treatments may be ascribed to low weeds competition for resources 
compared with weedy check. Similar views were conveyed by Riaz et al. (2006), 
Ashraf and Akhlaq (2007) and Awan et al. (2012) who concluded that hand 
weeding increased numbers of fertile tillers. Herbicide application, one and two 
spray of sorghum water extract, sorghum and sunflower water extracts alone and 
their combinations enhanced number of fertile tillers. Allelopathic extracts of 
sunflower and sorghum combined with lower rates of herbicide also raised number 
of tillers (Iqbal et al., 2010). 
4.1.2.9 Spike length (cm) 
All treatments except T2 gave statistically similar spike lengths compared 
with weedy check during both seasons (Table 19). Minimum spike length was 
recorded from T1 during the study. It ranged from 7.7 cm to 9.09 cm during 2009-
10 and 2010-11, respectively.  
Maximum spike length (9.09 cm) was measured from T2 followed by T3, 
T9 and T8, respectively. All weed control treatments gave similar spike lengths 
during first year.  
During second year spike lengths of all treatments were similar except T2 
and T3. Maximum spike length was again achieved by T2 and it was statistically 
equivalent with all other treatments except T1. 
Longer spikes observed from different weed control treatments can be 
attributed to weed reductions. The findings are in line with those of Ashraf and 
Akhlaq (2007) and Awan et al. (2012) who found that herbicide application and 
hand weeding produced longer spikes. Spray of sorghum water extracts alone 
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(Cheema et al., 2002 a) and combination of sorghum and sunflower extracts (Awan 
et al., 2012) increased length of wheat spikes. 
4.1.2.10 Number of spikelets/spike 
All treatments enhanced number of spikelets/spike as compared with T1. It 
varied from 14.38 to 18.1 during both years (Table 20).  
Maximum spikelets/spike (18.10) were recorded from T9 followed by T2, 
T3 and T8 during 2009-10. Allelopathic extracts (T4-T6) and their combination 
with one fourth dose of herbicide (T7) were statistically at par with each other due 
to similar weeds control. 
During 2010-11, most of the treatments gave similar number of 
spikelets/spike, however, the lowest number was recorded from T1 which was at 
par with T4, T5 and T6. The maximum numbers of spikelets/spike were again 
observed from T2 and T9.  
Less number of spikelets/spike from T1 may be due to higher weeds density 
and competition compared with other treatments. The study showed similarity with 
Ashraf and Akhlaq (2007) and Awan et al. (2012) who reported hand weeding and 
use of herbicides increased number of spikelets/spike. Sorghum and sunflower 
water extracts alone and their combination added number of spikelets (Awan et al., 
2012). Combination of sorghum and sunflower water extracts @ 12 L ha-1 with 
lower doses of herbicide also enhanced spikelets/spike (Sharif et al., 2005).  
4.1.2.11 Number of grains/spike 
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Table 19: Effect of weed control treatments on spike length (cm) of wheat during 
2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 8.55 b 7.7 b 
T2 Hand Weeding 9.09 a 8.33 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 9.07 ab 8.26 a 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
8.66 ab 7.98 ab 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
8.59 ab 7.93 ab 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
8.81 ab 7.99 ab 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
8.82 ab 8.05 ab 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
8.9 ab 8.06 ab 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
8.95 ab 8.16 ab 
LSD at α 5% 0.54 0.54 
Means having common letters reflect non significance at α = 5%. 
Table 20: Effect of weed control treatments on number of spikelets/spike during 
2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 16.63 d 14.38 b 
T2 Hand Weeding 17.7 ab 15.32 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 17.4 bc 15.2 a 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
16.88 cd 14.93 ab 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
16.83 cd 14.82 ab 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
16.95 cd 14.95 ab 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
17.15 
bcd 
15.13 a 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
17.38 bc 15.15 a 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
18.1 a 15.32 a 
LSD at α 5% 0.67 0.68 
Means having common letters reflect non significance at α = 5%. 
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Most treatments increased number of grains/spike significantly compared 
with control. It ranged from 27.17 to 38.63 (Table 21) during the study. The 
minimum numbers of grains/spike were counted from T1 which was at par with 
allelopathic extracts during both years.  
The maximum (38.63) numbers of grains/spike were recorded from T2 
which was at par with T3 and T9 during first year. Crop extracts and their mixture 
produced statistically similar number of grains as compared with T1, T7 and T8.  
During second year, the maximum (31.83) grains/spike were again 
observed from T2 which was at par with all other treatments except T1 and T5. 
Crop extracts increased number of grains but their impact was non significant as 
compared with T1.  
Higher number of grains/spike in weed control treatments may be ascribed 
to reduction in weeds dynamics. Similar views were demonstrated by Awan et al. 
(2012) who got higher number of grains/spike with hand weeding. Sorgaab @ 12 L 
ha-1 mixed with lower rates of herbicides (Sharif et al., 2005) and combination of 
sorghum, sunflower and brassica with bromoxynil+ MCPA (Iqbal et al., 2010) 
increased number of grains/spike. 
4.1.2.12 Thousand grain weight (g) 
All treatments increased thousand grain weight (TGW) except T5 as 
compared with T1. It varied from 32.5 to 34.03 g (Table 22) in all treatments 
during both years. No significant influence of treatments was noted during second 
year. Most of the treatments had similar TGW during 2009-10, however, minimum 
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Table 21: Effect of weed control treatments on number of grains/spike during 
2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 36.13 d 27.17 c 
T2 Hand Weeding 38.63 a 31.83 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 38.35 a 30.85 ab 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
36.7 cd 29.27 abc 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
36.83 cd 28.55 bc 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
36.92 cd 29.35 abc 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
37.1 bc 30.27 ab 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
37.28 bc 30.6 ab 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
37.88 ab 31.2 ab 
LSD at α 5% 0.94 2.76 
Means having common letters reflect non significance at α = 5%. 
Table 22: Effect of weed control treatments on 1000 grain weight (g) of wheat 
during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 32.9 b 32.5 
T2 Hand Weeding 33.4 ab 33.5 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 33.47 ab 33.2 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
32.97 ab 32.7 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
32.78 b 32.7 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
33.08 ab 32.85 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
33.28 ab 32.78 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
33.63 ab 33.0 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
34.03 a 33.25 
LSD at α 5% 1.07 NS 
Means having common letters reflect non significance at α = 5%. 
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weight was obtained from T7 which was at par with all other treatments except T9 
(34.03 g).  
Ashraf and Akhlaq (2007) and Awan et al. (2012) reported increase of 
TGW with herbicide application and hand weeding. Sorghum water extracts 
(Cheema et al., 2002 a) and combination of sorghum and sunflower aqueous 
extracts (Awan et al., 2012) improved TGW. Similarly, combination of crop 
extracts with low herbicide rates (Mahmood et al., 2009; Iqbal et al., 2010) also 
enhanced it. Present studies showed non significant difference on grain weight with 
various treatments. Our findings are different than those described earlier as those 
studies were conducted under irrigated conditions where crop did not face any 
moisture stress while ours under rainfed where crop faced stress during growth 
cycle.  
4.1.2.13 Grain yield (kg ha-1) 
All treatments except T5 produced significantly higher grain yields as 
compared with T1 during both years. It varied from 1508 to 2353 kg ha-1 (Table 
23) in all weed control treatments. Statistically similar grain yields were recorded 
from T2, T3, and T9 during 2009-10 and 2010-11.  
During first year, maximum grains yields (2353.19 kg ha-1) were obtained 
from T9 which was statistically at par with T2, T3 and T8. Sorghum and sunflower 
water extracts sole or their combination gave statistically similar yields.  
During second year, the maximum (2087.7 kg ha-1) yields were achieved 
from T2 which was at par with T3, T8 and T9. Sole extracts of sunflower produced 
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similar grain yields as compared with T1 but its combination with sorghum water 
extract increased yields significantly. 
Similar results were achieved by Ashraf and Akhlaq, (2007) and Awan et 
al. (2012) who increased grain yield with herbicide application and hand weeding. 
Sorghum water extracts (Cheema et al., 2002 a), its mixtures with sunflower 
extract (Awan et al., 2012) and union of crops extracts and herbicides (Khaliq et 
al., 2012b) also increased wheat grain yield. 
4.1.2.14 Biological yield (kg ha-1) 
The results of the experiments shown in table 24 demonstrated that 
biological yields varied from 4064 to 5583 kg ha-1 in all treatments during both 
years. All treatments except T4 and T5 increased biological yields as compared to 
control. The minimum biological yields were recorded from weedy check which 
was statistically similar with allelopathic crop extracts during both years.  
During 2009-10, the highest biological yield (5583 kg ha-1) was obtained 
from T9 followed by T2, T8 and T3 respectively. Sole crop extracts (T4, T5) gave 
similar biological yields as produced by T1. Combination of extracts with low rates 
of herbicide increased yields as compared with sole extracts.  
During second year, the maximum biological yield was obtained from T2 
(5430 kg ha-1) which was at par with T8, T9 and T3. Sole allelopathic extracts 
produced similar biological yield as compared with T1 but their mixture and 
combination with lower rates of herbicide enhanced it. 
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Table 23: Effect of weed control treatments on grain yield (kg ha-1) of wheat during 
2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 1751.1 e 1508.1 e 
T2 Hand Weeding 2305.9 a 
(31.68) 
2087.7 a 
(38.44) 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 2201.8 ab 
(25.74) 
1982.3 a 
(31.45) 
T4 Concentrated (Conc.) sorghum water extract @ 20L 
ha-1 spray at 40 and 60 DAS 
1945.6 cd 
(11.11) 
1690.2 cd 
(12.08) 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 
60 DAS 
1874.1 de 
(7.02) 
1635.5 de 
(8.45) 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
2018.2 cd 
(15.26) 
1759.5 cd 
(16.67) 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
2094.1 bc 
(19.59) 
1802.4 bc 
(19.52) 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
2233.9 ab 
(27.58) 
1933.3 ab 
(28.20) 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
2353.2 a 
(34.39) 
2052.5 a 
(36.10) 
LSD at α 5% 182.4 162.22 
Means having common letters reflect non significance at α = 5%. 
 
Table 24: Effect of weed control treatments on biological yield (kg ha-1) of wheat 
during 2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 4333.7 f 4064.3 e 
T2 Hand Weeding 5440.6 ab 5430.4 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 5122.8 bcd 5112.3 ab 
T4 Concentrated (Conc.) sorghum water extract @ 20L 
ha-1 spray at 40 and 60 DAS 
4625.4 ef 4475.2 
cde 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 
60 DAS 
4530.6 ef 4354.2 de 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
4763.3 de 4708.4 
bcd 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 
+ Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
4947.3 cde 4819.2 bc 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 
+ Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
5252.1 abc 5118.9 ab 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 
+ Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
5583.3 a 5263.2 a 
LSD at α 5% 427.41 439.64 
Means having common letters reflect non significance at α = 5%. 
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Lower biological yields in T1 may be attributed to higher weeds infestation 
and less number of tillers m-2. Present study confirmed views of Rajpar et al. 
(2010) and Awan et al. (2012) who achieved higher biological yields with hand 
weedings. Furthermore, Awan et al. (2012) found that sorghum and sunflower 
water extracts and their combination enhanced biological yields. 
4.1.2.15 Harvest index (%) 
Higher harvest index indicates better utilization of resources to produce 
economic yields. Most of the treatments showed statistically similar harvest index 
during both years (Table 25). It varied from 37.18 to 42.99%. Higher values of 
harvest index were observed during first year as compared to second year which 
may be due to higher grain yields.  
The lowest (40.4%) value of harvest index was observed from T1 which 
was at par with T5 during 2009-10. The maximum (42.99%) value was found in T3 
which was statistically similar with all other treatments except T1 and T5. During 
2010-11, the maximum (39.01%) value was calculated from T9 and it was similar 
with other treatments except control (T1). 
The outcomes reflected harmony with Awan et al. (2012) who raised 
harvest index with hand weeding raised. Spray of sorghum (Cheema et al., 2002 a), 
sunflower water extracts and their combinations (Awan et al., 2012) increased 
harvest index. These results are opposite to our findings of non significant effect of 
crop extracts on harvest index as compared with control.  
4.1.2.16 Protein contents (%) 
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Table 25: Effect of weed control treatments on harvest index (%) of wheat during 
2009-10 and 2010-11 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 40.4 c 37.18 b 
T2 Hand Weeding 42.38 ab 38.44 ab 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 42.99 a 38.78 ab 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-
1 spray at 40 and 60 DAS 
42.06 ab 37.79 ab 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
41.36 bc 37.56 ab 
T6 Conc. sorghum + sunflower water extract at 10+10 L 
ha-1 spray at 40 and 60 DAS 
42.42 ab 37.38 ab 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
42.3 ab 37.38 ab 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
42.53 a 37.77 ab 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
42.18 ab 39.01 a 
LSD at α 5% 1.17 1.66 
Means having common letters reflect non significance at α = 5%. 
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Protein content is an important parameter of quality of the produce. The 
data shown in table 26 depicted that most of the treatments attained statistically 
similar protein contents during both years; however, the highest protein percentage 
was recorded from control. Protein contents ranged from 14.5 to 15.32% in all 
treatments during both years. 
The maximum (14.63%) protein contents were synthesized by T1 but it was 
at par with all other treatments except T2 during 2009-10. It varied from 14.5 to 
14.63% in different treatments. 
During 2010-11, the highest (15.32%) protein %age was recorded from T1 
which was statistically similar with all other treatments except T2 and T9. Protein 
contents during second year ranged from 14.73 to 15.32%.  
The results of the experiments depicted that protein percentage increased 
during second year compared with first due to more stressful conditions. Similar 
results were determined by Ahmad (2011) who reported higher protein contents 
under moisture and temperature stress. Different results were obtained by Jamil 
(2004) who found higher protein contents in wheat grains with application of 
herbicides and their mixtures with sorghum water extract under irrigated 
conditions. 
4.1.2.17 Starch contents (%) 
Most of the treatments influenced starch contents of wheat non significantly 
compared to control (Table 27). Relatively higher starch contents were recorded 
from first season possibly due to prevailing climatic conditions.  
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Table 26: Effect of weed control treatments on protein contents (%) of wheat 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 14.63 a 15.32 a 
T2 Hand Weeding 14.15 b 14.73 c 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 14.20 ab 14.93 abc 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
14.45 ab 15.15 abc 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
14.52 ab 15.23 ab 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
14.45 ab 15.13 abc 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
14.43 ab 15.05 abc 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
14.43 ab 15.02 abc 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
14.25 ab 14.80 bc 
LSD at α 5% 0.45 0.43 
Means having common letters reflect non significance at α = 5%. 
Table 27: Effect of weed control treatments on starch contents (%) of wheat 
Treatments 2009-10 2010-11 
T1 Control (weedy Check) 53.45 b 51.72 c 
T2 Hand Weeding 54.22 a 52.75 a 
T3 Atlantis® 3.6 WG@ 14.4 g a.i. ha-1 spray at 40 DAS 53.85 ab 52.65 a 
T4 Concentrated (Conc.) sorghum water extract @ 20L ha-1 
spray at 40 and 60 DAS 
53.65 ab 51.88 bc 
T5 Conc. sunflower water extract @ 20L ha-1 at 40 and 60 
DAS 
53.57 ab 51.80 bc 
T6 Conc. sorghum + sunflower water extract at 10+10 L ha-
1 spray at 40 and 60 DAS 
53.65 ab 52.15 abc 
T7 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 3.6 g a.i. ha-1 spray at 40 DAS 
53.72 ab 52.33 abc 
T8 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 7.2 g a.i. ha-1 spray at 40 DAS 
53.75 ab 52.38 ab 
T9 Conc. sorghum + sunflower extracts at 10+10 L ha-1 + 
Atlantis® 3.60 WG @ 10.8 g a.i. ha-1 spray at 40 DAS 
53.83 ab 52.58 a 
LSD at α 5% 0.68 0.63 
Means having common letters reflect non significance at α = 5%. 
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The maximum starch contents (54.22%) were achieved by T2 due to 
effective weed control during 2009-10. It was at par with all other treatments 
except T1. 
During second year maximum starch percentage (52.75%) was also 
obtained from T2 followed by T3, T9 and T8. These treatments accumulated 
significantly higher starch contents compared to T1. 
The higher starch contents from hand weeding (T2), herbicide application 
either alone (T3) or combined with allelopathic extracts (T8 & T9) may be ascribed 
to weeds suppression. Similar results were obtained by Jamil (2004) with 
application of herbicides and extracts. 
4.1.2.18 Economic analysis 
Economic Analysis revealed that all treatments except T5 increased net 
benefits of wheat crop over control during both years (Table 28 and 29). The 
highest variable cost was calculated from T2 due to expensive manual labour. 
During first season the maximum net benefit was achieved from T9 (Rs. 
60889 ha-1) followed by T8 (Rs. 58235 ha-1), T3 (Rs. 56635 ha-1) and T7 (Rs. 
55076 ha-1).The minimum net benefits were noted from T5 (Rs. 47218 ha-1) 
followed by T1 (Rs. 47279 ha-1). 
The highest net benefits during second year were also recorded from T9 
(Rs. 52721 ha-1) followed by T3 (Rs. 50710 ha-1), T8 (Rs. 50118 ha-1), T2 (Rs. 
48868 ha-1) and T7 (Rs. 47201 ha-1). The minimum net benefits were obtained from 
T5 (Rs. 40560 ha-1) followed by T1 (Rs. 40717 ha-1). 
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The results demonstrated that combined application of allelopathic extracts 
with 50 and 75% dose of herbicide gave higher net benefits than its recommended 
rate. Iqbal et al. (2010) and Razzaq et al. (2012) also obtained higher benefits by 
combining allelopathic extracts with reduced rates of herbicides. 
4.1.2.19 Marginal analysis 
Marginal analysis showed that all treatments except T7, T8 and T9 were 
dominated because of less net benefits and higher marginal costs as compared with 
control during both seasons (Table 30 and 31). The higher marginal rate of return 
were calculated from T7 (532%) and T8 (474%) during 2009-10 and 2010-11 
respectively. The lowest MRR values were scored by T9 (423%) during both years.  
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Table 28: Economic Analysis 2009-10 
 
 
 
 
 
 
Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 Remarks 
Total grain yield 1751.1 2305.9 2201.8 1945.6 1874.1 2018.2 2094.1 2233.9 2353.2 kg ha-1 
10 percent less 175.1 230.6 220.2 194.6 187.4 201.8 209.4 223.4 235.3 kg ha-1 
Adjusted yield 1576.0 2075.3 1981.6 1751.0 1686.7 1816.4 1884.7 2010.6 2117.9 To bring at farmers 
level 
Gross income 47279 62259 59447 52530 50601 54493 56541 60316 63536.1 Rs.30 kg-1 
Hand weeding - 7500 - - - - - - - 30 man day ha-1, 
Rs.250 man-1 day 
Cost of herbicide - - 2462.5 - - - 615.6 1231.2 1846.9 Rs. 985/5.76 g a.i. 
Cost of water 
extracts 
- - - 1100 900 1000 500 500 500 Rs. 27.5 & 22.5L-1 
SWE & SunWE 
Sprayer rent - - 50 100 100 100 50 50 50 Rs.50 spray-1 
Spray labour - - 300 600 600 600 300 300 300 Rs.300 ha-1 
Cost that vary - 7500 2812.5 1800 1600 1700 1465.6 2081.2 2696.9 Rs. ha-1 
Net benefit 47279 54759 56635 50730 49001 52793 55076 58235 60839 Rs. ha-1 
108 
 
Table 29: Economic Analysis 2010-11 
Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 Remarks 
Total grain yield 1508.1 2087.7 1982.3 1690.2 1635.5 1759.5 1802.4 1933.3 2052.5 Kg ha-1 
10 percent less 150.8 208.8 198.2 169.0 163.6 176.0 180.2 193.3 205.2 Kg ha-1 
Adjusted yield 1357.2 1878.9 1784.1 1521.2 1471.9 1583.5 1622.2 1740.0 1847.2 To bring at farmers 
level 
Gross income 40717 56368 53522 45636 44157 47505 48666 52199 55418 Rs.30 kg-1 
Hand weeding - 7500 - - - - - - - 30 man day ha-1, 
Rs.250 man-1 day 
Cost of herbicide - - 2462.5 - - - 615.6 1231.2 1846.9 Rs. 985/5.76 g a.i. 
Cost of water 
extracts 
- - - 1100 900 1000 500 500 500 Rs. 27.5 & 22.5L-1 
SWE & SunWE 
Sprayer rent - - 50 100 100 100 50 50 50 Rs.50 spray-1 
Spray labour - - 300 600 600 600 300 300 300 Rs.300 ha-1 
Cost that vary - 7500 2812.5 1800 1600 1700 1465.6 2081.2 2696.9 Rs. ha-1 
Net benefit 40717 48868 50710 43836 42557 45805 47201 50118 52721 Rs. ha-1 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. ha-1 spray at 40 DAS, T4 Concentrated sorghum water 
extract @ 20 L ha-1 spray at 40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 and 60 DAS, T6 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water 
extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 Concentrated sorghum + sunflower water extracts each 
at 10 L ha-1 + Atlantis® 3.6 WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + 
Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 DAS. 
SWE: Sorghum water extract; SunWE: Sunflower water extract. 
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Table 30: Marginal Analysis 2009-10 
Treatments Cost that 
vary (Rs.) 
Net benefit 
(Rs.) 
Marginal 
cost (Rs.) 
Marginal net 
benefit (Rs.) 
Marginal rate of 
return (%) 
T1 0 47279 - - 0 
T7 1465.6 55076 1465.6 7797 532.00 
T5 1600 49001 - - - 
T6 1700 52793 - - - 
T4 1800 50730 - - - 
T8 2081.2 58235 615.6 3159 513.16 
T9 2696.9 60839 615.7 2604 422.93 
T3 2812.5 56635 - - - 
T2 7500 54759 - - - 
 
Table 31: Marginal Analysis 2010-11 
Treatments Cost that 
vary (Rs.) 
Net benefit 
(Rs.) 
Marginal 
cost (Rs.) 
Marginal net 
benefit (Rs.) 
Marginal rate of 
return (%) 
T1 0 40717 - - 0 
T7 1465.6 47201 1465.6 6484 442.41 
T5 1600 42557 - - - 
T6 1700 45805 - - - 
T4 1800 43836 - - - 
T8 2081.2 50118 615.6 2917 473.85 
T9 2696.9 52721 615.7 2603 422.77 
T3 2812.5 50710 - - - 
T2 7500 48868 - - - 
T1 Control (weedy Check), T2 Hand Weeding, T3 Atlantis® 3.6 WG @ 14.4 g a.i. 
ha-1 spray at 40 DAS, T4 Concentrated sorghum water extract @ 20 L ha-1 spray at 
40 and 60 DAS, T5 Concentrated sunflower water extract @ 20 L ha-1 spray at 40 
and 60 DAS, T6 Concentrated sorghum + sunflower water extracts each at 10 L ha-
1 spray at 40 and 60 DAS, T7 Concentrated sorghum + sunflower water extracts 
each at 10 L ha-1 + Atlantis® 3.6 WG @ 3.6 g a.i. ha-1 spray at 40 DAS, T8 
Concentrated sorghum + sunflower water extracts each at 10 L ha-1 + Atlantis® 3.6 
WG @ 7.2 g a.i. ha-1 spray at 40 DAS, T9 Concentrated sorghum + sunflower 
water extracts each at 10 L ha-1 + Atlantis® 3.6 WG @ 10.8 g a.i. ha-1 spray at 40 
DAS.  
Marginal rate of return (MRR %): (Marginal net benefits/Marginal costs)*100 
 
110 
 
4.2 GROUNDNUT CROP 
4.2.1 Effect of Treatments on Weeds 
4.2.1.1 Weeds density at 65 DAS 
Weeds flora of the experimental site was comprised of Desmostachya 
bipinnata (L.) Stapf (Big cord grass) - a perennial grass, Cynodon dactylon (L) Pers 
(Bermuda grass) - a perennial grass, Brachiaria reptans (Running grass) - an 
annual grass, Tribulus terristris L. (Puncture vine) – an annual vine, Cyperus 
rotundus L.(purple nut sedge) – a perennial sedge, Convolvulus arvensis L (Field 
bind weed) – a perennial vine, and Digera arvensis Forsk.(False amaranth) – an 
annual weed. The latter three weeds were observed only in some plots.  
4.2.1.1.1 Density of Desmostachya bipinnata. (L.) Stapf (Big cord grass) at 65 
DAS 
 All treatments except T2 showed similar density of big cord grass at 65 
DAS during both years (Table 32). Its minimum density was observed in T2 during 
2009 and 2011 as compared to other treatments. Relatively lower densities were 
recorded during 2011. It may be due to vegetatively propagating nature of this 
weed. The rhizomes were destroyed during ploughing and were killed due to 
environmental factors. Sher et al. 2011 reported decline of viable rhizomes with 
cultivation. Bilalis et al. (2001) found higher density of perennial weeds in no till 
fields because of undisturbed root system. 
 Density of Desmostachya varied between 0.75 to 8.25 m-2 during both years 
at 65 DAS. During 2009, it ranged from 1.00 to 8.25 m-2 and during 2011 it varied 
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from 0.75 to 3.0 m-2. Hand weeding decreased density of big cord grass by 77 to 
88%. Weeds can be controlled effectively in field crops through hand weeding 
although it is expensive and laborious (Zubair et al., 2009). 
There was no significant effect of different treatments except hand weeding 
on density of big cord grass at 65 DAS during both seasons. Crop extracts and 
herbicide could not reduce the density of big cord grass. It may be due to deep root 
system and perennial nature of weed with rhizomes resistant to common herbicides 
which can be controlled with cultural practices (Qureshi, 2004), thus results of 
present investigation are supportive to earlier findings. 
4.2.1.1.2 Density of Cynodon dactylon (L.) Pers (Bermuda grass) at 65 DAS 
 Half of the treatments decreased density of Bermuda grass at 65 DAS 
during both years. The maximum reduction in density was observed from T2 
followed by T3, T9 and T8 during study (Table 33). Density of Cynodon ranged 
from 1.00 to 5.00 m-2. Hand weeding (T2) decreased its density by 67 to 80% 
during 2011 and 2009 respectively. Allelopathic crop extracts decreased it by 5 to 
17% during both years. 
Relatively higher densities of Bermuda grass were recorded during 2009 as 
compared to 2011. The lower densities during 2011 may be ascribed to weeds 
mortality due to tillage operations and reduction of viable stolons, a mean to 
continue next generation (Fernandez, 2003). Bilalis et al. (2001) found tillage 
practices as a strategy to decrease density of perennial weeds. Similarly, a diverse 
and greater population of perennial weeds was recorded under reduced tillage by 
Buhler et al. (1994). Dalley et al. (2013) found lower bermuda grass infestation  
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Table 32: Effect of weed control treatments on density (weed plants m-2) of 
Desmostachya bipinnata. (L.) Stapf (Big cord grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 8.25 a 3.0 a 
T2 Hand Weeding 1.00 b 
(87.88) 
0.75 b 
(76.92) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
8.00 a 
(3.03) 
2.75 a 
(15.38) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
8.25 a 
(-) 
2.5 a 
(23.08) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
7.75 a 
(6.06) 
2.75 a 
(15.38) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
7.75 a 
(6.06) 
2.5 a 
(23.08) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
7.50 a 
(9.09) 
2.5 a 
(23.08) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
7.50 a 
(9.09) 
2.75 a 
(15.38) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
7.25 a 
(12.12) 
2.5 a 
(23.08) 
LSD at α 5% 1.07 0.98 
Table 33: Effect of weed control treatments on density (weed plants m-2) of 
Cynodon dactylon (L.) Pers (Bermuda grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 5.00 a 3.0 a 
T2 Hand Weeding 1.00 d 
(80) 
1 d 
(66.67) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
3.00 c 
(40) 
1.5 cd 
(50.0) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
4.50 ab 
(10) 
2.75 ab 
(8.33) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
4.75 a 
(5) 
2.75 ab 
(8.33) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
4.50 ab 
(10) 
2.5 abc 
(16.67) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
4.25 ab 
(15) 
2 abcd 
(33.33) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
3.75 bc 
(25) 
1.75 bcd 
(41.67) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
3.25 c 
(35) 
1.25 d 
(58.33) 
LSD at α 5% 0.97 1.22 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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with conventional tillage compared with reduced and no tillage. Conventional 
tillage significantly decreased population of perennial weeds (Demjanová et al., 
2009).  
During 2009, density of Cynodon varied from 1 to 5 plants m-2. The lowest 
density (1.00) was obtained from T2 which gave 80% control of this weed. All 
other treatments decreased its density from 5 to 40%. Herbicide alone (T3) 
decreased density by 40% and its combinations with allelopathic extracts (T7, T8 
and T9) depressed it by 15 to 35% during first year.  
 During 2011, hand weeding (T2) was again the leading treatment providing 
maximum control of Cynodon dactylon (67%) followed by T9 (58%), T3 (50%) 
and T8 (42%). Hand weeding was found an effective method for controlling 
Cynodon dactylon followed by chemical control with herbicides in cotton (Raju, 
2010). Mechanical and chemical methods combined with hand weeding were 
effective in reducing density of Bermuda grass in maize (Riaz et al., 2007).  
4.2.1.1.3 Density of Brachiaria reptans (Running grass) at 65 DAS 
 Most of the treatments decreased density of Brachiaria reptans 
significantly at 65 DAS during both years. Its density ranged from 7 to 45.5 during 
2009 and 2011 (Table 34). Hand weeding (T2) reduced density of running grass by 
51 to 53% during 2009 and 2011, respectively. 
 During first year the maximum reduction in density of running grass was 
found from T3 (59%) followed by T9 (56%) and T2 (51%). 
 During 2011, the maximum depression in its density was recorded from T2 
(53%) followed by T9 (37%) and T3 (35%). Higher densities of running grass were 
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counted during 2011 as compared to 2009. It may be due to increasing seed bank of 
this weed as it is sexually propagated weed with seeds. Higher densities of 
perennial weeds were recorded during first season but the space was filled with 
annual weeds during second season. Bilalis et al. (2001) reported higher densities 
of annual weeds under conventional tillage systems. 
4.2.1.1.4 Density of Tribulus terristris L. (Puncture vine) at 65 DAS 
 All treatments except T2 had non significant effect on density of Tribulus 
terristris at 65 DAS during both years (Table 35). Higher densities of puncture vine 
were collected during second year which may be due to increasing its seed bank. Its 
density ranged from 1 to 3.5 m-2 during both years. Hand weeding (T2) suppressed 
its density by 50-62% during 2009 and 2011, respectively. Munsif et al. (2009) and 
Ali et al. (2011) achieved reducetion of weeds density in maize with hand weeding. 
Other weed control treatments were ineffective in controlling population of 
puncture vine during study. 
4.2.1.1.5 Total weeds density at 65 DAS 
 Most of the treatments decreased total weeds density at 65 DAS during both 
years. Maximum reduction was observed from T2 followed by T9 and T3 (Table 
36). Total weeds density varied from 12 to 61.25 during 2009 and 2011. The 
highest weeds density was collected from T1 during study. Similar conclusions 
were reported by Ali et al. (2011) who observed maximum weeds density in weedy 
check plots. 
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Table 34: Effect of weed control treatments on density (weed plants m-2) of 
Brachiaria reptans (Running grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 17 a 45.5 a 
T2 Hand Weeding 8.25 cd 
(51.47) 
21.25 f 
(53.30) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
7 d 
(58.82) 
29.75 de 
(34.62) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
16.75 a 
(1.47) 
40.5 bc 
(10.99) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
17.5 a 
(2.94) 
42.25 ab 
(7.14) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
17.25 a 
(1.47) 
39.5 bc 
(13.19) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
10.5 b 
(38.24) 
37.5 c 
(17.58) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
9.75 bc 
(42.65) 
33.5 d 
(26.37) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
7.5 d 
(55.88) 
28.75 e 
(36.81) 
LSD at α 5% 1.57 3.90 
Table 35: Effect of weed control treatments on density (weed plants m-2) of 
Tribulus terristris L. (Puncture vine) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 2.0 a 3.25 a 
T2 Hand Weeding 1 b 
(50.00) 
1.25 b 
(61.54) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
1.75 ab 
(12.50) 
3.0 a 
(7.69) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
2.25 a 
(12.50) 
3.0 a 
(7.69) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
2.0 a 
(-) 
3.25 a 
(-) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
1.75 ab 
(12.50) 
3.5 a 
(7.69) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
2.25 a 
(12.50) 
3.0 a 
(7.69) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
1.75 ab 
(12.50) 
3.25 a 
(-) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
1.5 ab 
(25.00) 
3.0 a 
(7.69 
LSD at α 5% 0.96 1.06 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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During first year, the maximum weed control was noted from T2 (65%) 
followed by T9 and T3. Allelopathic extracts (T4, T5 and T6) could not decrease 
density of weeds significantly when compared with control.  
 Similarly during second year, hand weeding depressed total weeds density 
to maximum extent (60%) followed by T9 and T3. Ansary et al. (2010) recorded 
the lowest weed density in hand weeding treatment. Brassica extract (T5) was at 
par with control while all other treatments depressed total weeds density 
significantly compared with control (T1). Herbicide application at recommended 
rates (T3) was at par with T9 in reducing total weeds density during both years. 
Farooq et al. (2011) also obtained similar results with application of allelopathic 
extracts in combination with lower rates of herbicides. 
4.2.1.2 Weeds fresh weight (g m-2) at 65 DAS 
4.2.1.2.1 Fresh weight (g m-2) of Desmostachya bipinnata. (L.) Stapf (Big cord 
grass) at 65 DAS 
 Most of the treatments had statistically similar fresh weight of 
Desmotachya bipinnata at 65 DAS during 2009 and 2011. Hand weeding (T2) was 
effective in controlling fresh weight which reduced it by 75 to 88% (Table 37) 
during 2011 and 2009 respectively. All other treatments decreased fresh weight of 
big cord grass by 3.64 to 16%. Nadeem et al. (2008) recorded maximum reduction 
in biomass of weeds with hand weeding. Big cord grass can be controlled 
effectively with cultural operations (Qureshi, 2004). 
 During first year, the highest weeds fresh weight (72.15 g m-2) was 
recorded from T1 which was at par with T3, T4, T5 and T6. The highest weeds 
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reduction was achieved by T2 (88%) followed by T9 (13%), T8 (12.6%) and T7 
(12.3%). Allelopathic extracts suppressed fresh weight by 5 to 10%. The 
suppression of fresh weight of weeds with allelopathic extracts may be due to 
inhibition of growth by allelochemicals present in the extracts.  
 During second year, the lowest weeds fresh weight was also recorded from 
T2 which decreased it by 75% as compared with T1. Allelopathic extracts (T4, T5, 
T6) depressed fresh weight by 5 to 13% and combination of extracts with low 
doses of herbicide (T7, T8, T9) decreased it by 15 to 16%. 
 Higher fresh weights of big cord grass were recorded during 2009 
compared with 2011. Increase in weight during first year may be due to higher 
weeds density and growth. The results depicted that Desmostachya bipinnata was 
hard to be killed with haloxyfop herbicide possibly due to deep root system. 
Allelopathic extracts, however, retarded its growth to some extent. Barley extract 
(T4) was stronger inhibitor than brassica water extract (T5). Growth inhibition of 
different weed species with application of barley water extracts were observed by 
Ashrafi et al. (2008 a, 2009), Chon and Kim (2004) and Daliri et al. (2011). 
4.2.1.2.2 Fresh weight (g m-2) of Cynodon dactylon (L.) Pers (Bermuda grass) 
at 65 DAS 
 Most of the treatments reduced fresh weight of Cynodon dactylon at 65 
DAS significantly during both seasons. The maximum and minimum fresh weights 
were recorded from T1 and T2 respectively (Table 38) during the study. Crop 
extracts (T4, T5, T6) suppressed weeds fresh weight during both years but were at  
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Table 36: Effect of weed control treatments on total weed density (weed plants m-2) 
at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 34 a 61.25 a 
T2 Hand Weeding 12 d 
(64.71) 
24.75 g 
(59.59) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
21 c 
(38.24) 
41.25 ef 
(32.65) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
33.5 a 
(1.47) 
52.5 bc 
(14.29) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
34.25 a 
(0.74) 
56 ab 
(8.57) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
32.75 a 
(3.68) 
51.25 bcd 
(16.33) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
26.5 b 
(22.06) 
49.75 cd 
(18.78) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
24.5 b 
(27.94) 
46 de 
(24.90) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
21 c 
(38.24) 
37.25 f 
(39.18) 
LSD at α 5% 2.84 6.07 
Table 37: Effect of weed control treatments on fresh weight (g m-2) of 
Desmostachya bipinnata. (L.) Stapf (Big cord grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 72.15 a 19.25 a 
T2 Hand Weeding 8.70 c 
(87.94) 
4.80 e 
(75.06) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
69.13 ab 
(4.19) 
18.55 ab 
(3.64) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
66.88 ab 
(7.30) 
17.25 
abcd 
(10.39) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
68.22 ab 
(5.44) 
18.33 abc 
(4.81) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
64.85 ab 
(10.12) 
16.77 bcd 
(12.86) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
63.30 b 
(12.27) 
16.27 cd 
(15.45) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
63.05 b  
(12.61) 
16.27 cd 
(15.45) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
62.63 b 
(13.19) 
16.15 d 
(16.10) 
LSD at α 5% 8.30 2.16 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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par with T1 statistically. Higher weeds fresh weight was recorded during first year 
due to high weeds infestation as compared with the second year.  
 During 2009, the highest fresh weight (8.8 g m-2) of Bermuda grass was 
observed from T1. Hand weeding (T2) decreased fresh weight by 69% which was 
followed by T3 (48%), T9 (44%) and T8 (31%). Allelopathic extracts (T4, T5 and 
T6) declined its fresh weight by 8 to 13% and their combination with lower doses 
of herbicide (T7, T8, T9) caused reduction of 21 to 44% weed fresh weight 
compared with control (T1). 
  Similarly during 2011, the highest control (67%) of its fresh weight was 
achieved by T2 followed by T3 (51%), T9 (50%) and T8 (35%). Allelopathic crop 
extracts were statistically similar with T1 even though these decreased fresh weed 
weight by 7 to 17%. Their efficacy, however, increased when combined with lower 
herbicide rates. Reduction of fresh weight with crop extracts may be due to activity 
of allelochemicals in the extracts (Siddiqui et al., 2009).  
 Hand weeding and herbicide decreased fresh biomass of Bermuda grass. 
Samedani et al. (2008) controlled biomass of Bermuda grass with application of 
herbicides (glyphosate and paraquat). Its fresh biomass was decreased with the use 
of 2, 4-D @ 1.50 L ha-1 and glyphosate @ 4 L ha-1 (Mamadou et al., 2010). The 
lowest weight of Bermuda grass with application of phenoxaprop-p- ethyl was 
obtained by Masum et al. (2011). Its growth can also be reduced with application 
of allelopathic extracts (Haq et al., 2010). 
4.2.1.2.3 Fresh weight (g m-2) of Brachiaria reptans (Running grass) at 65 DAS 
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 Most treatments suppressed fresh weight of Brachiaria reptans at 65 DAS 
during both seasons. It varied from 4.45 to 24.70 g m-2 among all treatments (Table 
39). Higher weeds fresh weight was recorded during 2011 due to its higher 
population as compared with 2009. 
During first year, the fresh weight of running grass ranged from 4.45 g m-2 
to 9.10 g m-2 at 65 DAS. The maximum weed suppression (51%) was obtained 
from hand weeding (T2) followed by T3 (44%), T9 (42.5%) and T8 (39%). 
Herbicide applied at recommended rates (T3) gave statistically similar control of 
Brachiaria reptans compared with T8 and T9. These findings are similar with 
those of Farooq et al. (2011) who achieved similar weed control with full dose of 
herbicide and integrating lower rates of herbicides along with allelopathic aqueous 
extracts. 
 All weed control treatments except T5 reduced weeds fresh weight of 
running grass significantly at 65 DAS during 2011. The highest weed fresh weight 
(24.7 g m-2) was again recorded from T1. Hand weeding was the leading treatment 
in reducing fresh weight of weed (54%) which was followed by T9 (43.5%), T3 
(40%) and T8 (33%). Sharara et al. (2005) reported better weed control through 
hand weeding compared with chemical control in maize. 
4.2.1.2.4 Fresh weight (g m-2) of Tribulus terristris L. (Puncture vine) at 65 
DAS 
 Most of the treatments showed suppressive effect on fresh weight of 
Tribulus terristris L. at 65 DAS during the two seasons. The maximum weeds fresh 
weights were recorded from T1 (9.69 and 13.82 g m-2) during 2009 and 2011 
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(Table 40). Higher weights were observed during 2011 as compared with 2009 
possibly due to more number of weeds m-2 during the second season.  
 During 2009, the highest weeds suppression was recorded from T2 (91%) 
followed by T9 (14%), T8 (13.5%) and T7 (13%). The lowest reduction of weeds 
fresh weight was obtained from T3 which was at par with T4, T5, T6 and T1. Crop 
extracts alone and combined with herbicide showed statistically similar depressive 
effect on fresh weight of puncture vine (3-14%). 
 During 2011, the maximum weeds fresh weight reduction was achieved by 
T2 (68%) followed by T9, T8 and T7. The lowest control of fresh weight of 
Tribulus terristris L. was again recorded from T3 which was statistically at par 
with T1, T4 and T5. Similar depressive effect was observed from allelopathic 
extracts combined with lower rates of herbicides (T6, T7, T8 & T9). Haloxyfop 
was a grass killer herbicide (Finlayson and Dastgheib, 2000) so broad leaf weeds 
(puncture vine) escaped its toxic effects. The outcomes are in accordance with 
those of Nadeem et al. (2008) who described that the maximum and minimum 
biomass of weeds was obtained from control and hand weeding, respectively. 
4.2.1.2.5 Total weeds fresh weight (g m-2) at 65 DAS 
 All treatments except T4 and T5 depressed total weeds fresh weight at 65 
DAS during both seasons as compared with T1. Higher total weeds fresh weight 
was recorded during first season due to higher weeds density of Desmostachya 
bipinnata and Cynodon dactylon compared with second season. Total weeds fresh 
weight ranged from 20.14 to 100.81 g m-2 during both seasons (Table 41).  
122 
 
Table 38: Effect of weed control treatments on fresh weight (g m-2) of Cynodon 
dactylon (L.) Pers (Bermuda grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 8.89 a 5.20 a 
T2 Hand Weeding 2.74 e 
(69.18) 
1.72 e 
(66.92) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
4.63 d 
(47.87) 
2.56 de 
(50.72) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
7.83 ab 
(11.97) 
4.74 ab 
(8.80) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
8.14 ab 
(8.42) 
4.84 ab 
(6.92) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
7.70 ab 
(13.44) 
4.28 abc 
(17.60) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
6.99 bc 
(21.37) 
3.94 bc 
(24.23) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
6.12 cd 
(31.16) 
3.39 cd 
(34.86) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
5.02 d 
(43.59) 
2.59 de 
(50.24) 
LSD at α 5% 1.57 1.07 
Table 39: Effect of weed control treatments on fresh weight (g m-2) of Brachiaria 
reptans (Running grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 9.10 a 24.70 a 
T2 Hand Weeding 4.45 e 
(51.07) 
11.32 f 
(54.17) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
5.08 de  
44.16) 
14.70 de 
(40.49) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
8.48 ab  
(6.78) 
22.64 b 
(8.34) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
8.83 ab  
(3.02) 
23.58 ab 
(4.53) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
8.36 b  
(8.09) 
22.15 b 
(10.32) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
6.93 c 
(23.85) 
19.13 c 
(22.55) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
5.56 d 
(38.86) 
16.59 d 
(32.83) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
5.23 d  
(42.50) 
13.94 e 
(43.56) 
LSD at α 5% 0.79 2.02 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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Table 40: Effect of weed control treatments on fresh weight (g m-2) of Tribulus 
terristris L. (Puncture vine) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 9.69 a 13.82 a 
T2 Hand Weeding 3.81 d 
(90.68) 
4.43 e 
(67.98) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
9.59 ab 
(1.03) 
13.32 ab 
(3.58) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
8.73 abc 
(9.91) 
12.23 bcd 
(11.54) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
9.40 abc 
(2.99) 
12.88 abc 
(6.84) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
8.61 bc 
(11.15) 
11.80 cd 
(14.62) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
8.44 c 
(12.90) 
11.57 d 
(16.24) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
8.38 c 
(13.52) 
11.40 d 
(17.51) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
8.34 c 
(13.93) 
11.35 d 
(17.87) 
LSD at α 5% 1.08 1.23 
Table 41: Effect of weed control treatments on total weeds fresh weight (g m-2) at 
65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 100.81 a 70.55 a  
T2 Hand Weeding 20.14 e 
(80.02) 
23.06 g 
(67.32) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
89.11 
bcd 
(11.60) 
53.08 de 
(24.76) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
92.83 abc 
(7.91) 
59.41 bc 
(15.79) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
95.87 ab 
(4.90) 
62.8 b 
(10.95) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
90.24 
bcd  
(10.48) 
57.34 cd 
(18.72) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
86.62 cd 
(14.08) 
54.73 de 
(22.42) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
83.93 d 
(16.75) 
51.21 e 
(27.42) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
81.99 d 
(18.67) 
44.93 f 
(36.31) 
LSD at α 5% 8.76 4.63 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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 During 2009, all treatments except T4 and T5 decreased total weeds fresh 
weight significantly compared with control at 65 DAS. The maximum reduction of 
total weeds fresh weight (80%) was attained by hand weeding (T2). Other 
treatments declined weeds fresh weight in the range of 5 to 19%.  
 During 2011, total weeds fresh weight varied from 23 to 70.55 g m-2 at 65 
DAS. The highest fresh weight (70.55 g m-2) of total weeds was recorded from 
control (T1). The maximum (67%) weeds suppression was recorded from T2 which 
was statistically distinct from all other treatments. Other treatments decreased total 
weeds fresh weight by 11 to 36% compared with control (T1). Herbicide applied at 
its recommended rate (T3) gave similar weed control as that of T6, T7 and T8. 
Higher weed reductions were obtained during 2011 compared with 2009. This 
difference in control of total weeds fresh weight may be attributed to composition 
of weed flora which was dominated by Brachiaria reptans during second year and 
it was more susceptible to effects of weed management treatments. 
The findings of the experiments revealed that hand weeding was more 
efficient in decreasing total weeds fresh weight followed by combination of 
allelopathic extracts with herbicides. Sharara et al. (2005) concluded that hand 
weeding twice controlled weeds effectively compared with chemical herbicides in 
maize. Similar results were also shown by Abdollahi and Ghadiri (2004) who 
found maximum control of weeds through hand weeding compared with chemical. 
Gul et al. (2009 and 2011) also recorded minimum weeds fresh weight with hand 
weeding. Hence results of present study confirm earlier findings. 
4.2.1.3 Weeds dry weight at 65 DAS 
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4.2.1.3.1 Dry weight (g m-2) of Desmostachya bipinnata (L.) Stapf (Big cord 
grass) at 65 DAS 
 Most of the treatments showed statistically similar dry weight of big cord 
grass compared with T1 at 65 DAS during both seasons. The maximum dry weight 
was recorded from T1 during both years. The maximum reduction of dry weight 
was found in T2 giving 75 to 88% (Table 42) suppression of dry weight. Relatively 
higher dry weight was observed during 2009 because of more population and fresh 
weight of Desmostachya bipinnata. 
 During 1st season, dry weight of big cord grass varied from 4.26 - 35.53 g 
m-2. Weed control achieved through different treatments ranged from 5.63 to 88%. 
The highest weed control (88%) was achieved from T2 which was followed by T9 
and T8, respectively. 
 Weed dry weight of big cord grass ranged from 2.38 to 9.48 g m-2 during 
second season at 65 DAS. Hand weeding (T2) reduced its dry weight (75%) 
significantly compared with all treatments. All treatments except T2 gave similar 
reduction in dry weight of Desmostachya ranging from 5 to 17% over control. 
Mostly the treatments were similar with control. 
 Hand weeding proved effective treatment for reducing biomass of big cord 
grass during study. Herbicide (Haloxyfop) could not decline its weight significantly 
because of tolerance of Desmotachya to the chemical. Zubair et al. (2009) found 
hand weeding as effective control measure while Qureshi (2004) concluded that 
perennial weeds can be managed by cultural practices. 
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4.2.1.3.2 Dry weight (g m-2) of Cynodon dactylon (L.) Pers (Bermuda grass) at 
65 DAS 
 All treatments except T4 and T5 showed significant depressive effect on 
dry weight of Bermuda grass at 65 DAS during both seasons. The highest dry 
weight was recorded from control (T1). Maximum decrease in dry weight was 
achieved with hand weeding (T2) which reduced it by 68 to 71% (Table 43) during 
2011 and 2009, respectively. Dry weight of Cynodon dactylon ranged from 0.92 to 
4.84 g m-2 among all treatments during both seasons at 65 DAS.  
 During first season, dry weight ranged from 1.39 to 4.84 g m-2. Hand 
weeding (T2) reduced dry weight to the maximum extent (71%) followed by T3 
(52%), T9 (48%) and T8 (38%). Allelopathic extracts (T4, T5 and T6) gave 
statistically similar control of dry biomass of Bermuda grass. Herbicide at 
recommended dose (T3) was at par with T8 and T9 in suppressing its dry weight. 
 The maximum reduction in dry weight of Cynodon during 2011 was also 
obtained from T2 (68%) which was at par with T3 and T9. Raju (2010) observed 
control of bermuda grass with hand weeding more effective than chemical 
methods. Allelopathic extracts combined with lower rates of herbicide decreased 
dry weight of Cynodon dactylon upto 52.5% which was at par with recommended 
dose of the chemical. Haq et al. (2010) concluded that bermuda grass biomass can 
be decreased by using allelopathic extracts. Our results showed herbicide 
application (T3) depressed dry weight of the weed. Similarly, Mamadou et al. 
(2010) and Masum et al. (2011) observed reduced biomass of bermuda grass with 
herbicides usage in different crops.  
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Table 42: Effect of weed control treatments on dry weight (g m-2) of Desmostachya 
bipinnata. (L.) Stapf (Big cord grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 35.53 a 9.48 a 
T2 Hand Weeding 4.26 c 
(88.01) 
2.38 e 
(74.85) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
33.53 ab  
(5.63) 
9.00 ab 
(5.08) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
32.79 ab 
(7.71) 
8.50 abcd 
(10.31) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
33.27 ab 
(6.36) 
8.97 abc 
(5.33) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
32.05 ab 
(9.79) 
8.26 bcd 
(12.87) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
31.94 ab 
(10.10) 
8.01 bcd 
(15.51) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
31.55 b 
(11.20) 
7.89 d 
(16.79) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
31.24 b 
(12.07) 
7.95 cd 
(16.16) 
LSD at α 5% 3.85 1.03 
Table 43: Effect of weed control treatments on dry weight (g m-2) of Cynodon 
dactylon (L.) Pers (Bermuda grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 4.84 a 2.87 a 
T2 Hand Weeding 1.39 f 
(71.25) 
0.92 f 
(67.99) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
2.33 e 
(51.86) 
1.31 ef 
(54.52) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
4.07 bc 
(15.91) 
2.49 ab 
(13.40) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
4.33 ab 
(10.54) 
2.59 ab 
(9.83) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
3.96 bc 
(18.18) 
2.32 bc 
(19.23) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
3.44 cd 
(28.93) 
1.98 cd 
(30.88) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
2.98 de 
(38.43) 
1.75 de 
(39.03) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
2.52 e 
(47.93) 
1.36 ef 
(52.52) 
LSD at α 5% 0.73 0.46 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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4.2.1.3.3 Dry weight (g m-2) of Brachiaria reptans (Running grass) at 65 DAS 
 Dry weight of Brachiaria reptans varied between 1.81 to 10.20 g m-2 
during study (Table 44). All weed control treatments except T5 reduced its dry 
weight at 65 DAS during both seasons. Higher dry weights were observed during 
2011 because of more weeds density and fresh weight of the weed compared with 
2009. Hand weeding gave the maximum reduction of dry weight equivalent to 52 
to 54% during 2009 and 2011, respectively.  
 Dry weight of running grass ranged from 1.81 to 3.76 g m-2 during 2009 at 
65 DAS. Maximum decrease of dry weight was recorded from T2 followed by T3 
(48%), T9 (47.8%), T8 (38%) and T7 (31%). The lowest decrease of dry weight 
was achieved from T5 (4%) and it was similar with T4 and T1. All treatments 
except T5 reduced dry weight of Brachiaria reptans during 2011 at 65 DAS. The 
maximum depression of dry weight was recorded from T2 (54%) followed by T9 
(49%) and T3 (45%). Sharara et al. (2005) also reported higher weed control with 
hand weeding. Recommended dose of herbicide (T3) was statistically at par with 
T8 and T9 in decreasing dry weight of the weed (Farooq et al., 2011).  
4.2.1.3.4 Dry weight (g m-2) of Tribulus terristris L. (Puncture vine) at 65 DAS 
 Few treatments depressed dry weight of puncture vine significantly at 65 
DAS during both seasons. Higher dry weight was found during 2011 (Table 45) in 
all treatments compared with 2009 because of higher weeds infestation during 
second year.  
 During 2009, most of the treatments were statistically similar with control 
(T1) at 65 DAS. Hand weeding reduced its dry weight by 60%. The lowest  
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Table 44: Effect of weed control treatments on dry weight (g m-2) of Brachiaria 
reptans (Running grass) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 3.76 a 10.20 a 
T2 Hand Weeding 1.81 f 
(51.86) 
4.70 g 
(53.95) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
1.95 ef 
(48.09) 
5.65 ef 
(44.62) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
3.26 bc 
(13.30) 
8.9 bc 
(12.68) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
3.60 ab 
(4.26) 
9.69 ab 
(5.05) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
3.15 c 
(16.22) 
8.67 c 
(15.04) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
2.59 d 
(31.04) 
7.60 d 
(25.46) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
2.34 de 
(37.75) 
6.47 e 
(36.58) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
1.96 ef 
(47.82) 
5.19 fg 
(49.16) 
LSD at α 5% 0.33 0.88 
Table 45: Effect of weed control treatments on dry weight (g m-2) of Tribulus 
terristris L. (Puncture vine) at 65 DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 3.73 a 5.25 a 
T2 Hand Weeding 1.49 c 
(60.05) 
2.06 d 
(60.73) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
3.7 ab 
(0.8) 
5.14 ab 
(2) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
3.36 ab 
(9.92) 
4.71 bc 
(10.21) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
3.52 ab 
(5.63) 
4.88 abc 
(7.08) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
3.26 ab 
(12.60) 
4.53 c 
(13.64) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
3.23 ab 
(13.40) 
4.50 c 
(14.35) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
3.16 b 
(15.28) 
4.45 c 
(15.20) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
3.15 b 
(15.55) 
4.40 c 
(16.21) 
LSD at α 5% 0.57 0.50 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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reduction of dry weight was achieved from T3 (0.8%). Other weed control 
treatments decreased dry weight of Tribulus terristris by 5.63 to 15.55%.  
During 2011, all treatments except T2 produced similar dry weight of 
puncture vine at 65 DAS. Hand weeding suppressed dry weight up to 61% while all 
other treatments declined it by 2 to 16%. Haloxyfop was a recommended herbicide 
for grassy weeds (Harrington and Gregory, 2009). Puncture vine was not inhibited 
by the herbicide due to its dicot nature. Hand weeding was found a successful 
method to control weeds (Zubair et al., 2009). Findings of the present study were 
similar to this earlier work.  
4.2.1.3.5 Total weeds dry weight at 65 DAS 
 All treatments except T5 decreased total weed dry weight significantly at 65 
DAS during both years. It varied from 9.12 to 48.21 g m-2 (Table 46). Hand 
weeding (T2) was an effective treatment which suppressed total weeds biomass by 
66 to 81% during 2011 and 2009, respectively. Higher total weeds dry weight was 
obtained during 2009 due to higher infestation of specific weeds. 
During first season, total weeds dry weight was reduced to the maximum 
extent by T2 (81%). The lowest weed control was observed from T5 (6.39%) 
which was at par with all other treatments except T2, T8 and T9. Allelopathic 
extract combined with lower rates of herbicide (T7, T8, T9) gave similar control of 
total weeds dry weight as obtained from its recommended dose (T3). 
 All weed control treatments reduced total weeds dry weight significantly 
compared with T1 at 65 DAS during second season. The highest control of total 
weeds dry weight was again achieved from T2 (66%) followed by T9 (37.5%), T8  
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Table 46: Effect of weed control treatments on total weeds dry weight (g m-2) at 65 
DAS 
Treatments 2009 2011 
T1 Control (weedy Check) 48.21 a 30.70 a 
T2 Hand Weeding 9.12 e 
(81.08) 
10.36 g 
(66.26) 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
41.76 
bcd 
(13.38) 
22.58 e 
(26.46) 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
43.78 bc 
(9.19) 
25.34 c 
(17.46) 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
45.13 ab 
(6.39) 
27.24 b 
(11.26) 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
42.66 
bcd 
(11.51) 
24.58 cd 
(19.93) 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
41.53 
bcd 
(13.86) 
23.33 de 
(24.00) 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
40.29 cd 
(16.43) 
21.78 e 
(29.07) 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
39.11 d 
(18.88) 
19.17 f 
(37.55) 
LSD at α 5% 4.26 1.68 
Means having common letters reflect non significance at α = 5%. 
Parenthetic figures indicate % decrease over weedy check. 
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(29%) and T3 (26%). Allelopathic extracts (T4, T5 and T6) decreased total weeds 
dry weight by 11 to 20% during second season. Barley water extracts were found to 
inhibit growth of Echinochloa crusgalli (Chon and Kim, 2004), quack grass 
(Ashrafi et al., 2009) and green foxtail (Asghari and Tewari, 2007). Similarly 
brassica extracts were also reported to reduce growth of wild oat (Turk and 
Tawaha, 2003). 
 The results showed reduction of total weeds biomass with hand weeding. 
Herbicide application at recommended rates also reduced total biomass but lower 
than hand weeding (Sharara et al., 2005). Allelopathic extracts depressed growth of 
weeds thus resulting in less biomass production (Awan et al., 2012). Combination 
of extracts with lower doses of herbicide improved their effectiveness to inhibit 
weeds growth (Khan et al., 2012) and gave similar weed control as achieved with 
full doses of herbicides (Farooq et al., 2011). Hence present results confirmed 
findings of earlier studies. 
4.2.2 Effect of Treatments on Groundnut 
4.2.2.1 Dry matter accumulation (g m-2) 
 Most of the treatments improved dry matter (DM) significantly over control 
at 160 and 180 DAS during both years. It increased progressively in all treatments 
upto 160 DAS (Fig. 13 and 14). All treatments accumulated dry matter at slower 
pace at 40-80 DAS during both seasons. After 80 DAS dry weight increased at 
faster rate and reached its maximum level at 160 DAS. A small decrease was 
observed at 180 DAS showing more respiration rate than photosynthesis. Dry 
matter accumulation was higher at earlier stages (40-100 DAS) during 2009 
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compared with 2011. It was due to better moisture availability owing to more 
rainfall before sowing during first season. The maximum and minimum values of 
DM accumulation were recorded from T2 and T1, respectively during study. 
 During first season, dry matter of groundnut increased from 40 DAS and 
reached at its maximum value at 160 DAS (368 g m-2). The highest DM was 
obtained from T2 followed by T9 (361 g m-2) and T8 (353 g m-2) at 160 DAS. The 
lowest DM was recorded from T1 (326 g m-2) due to higher weeds infestation. 
Higher DM levels were maintained by T2 (356 g m-2), T9 and T8 at maturity. 
Aqueous plant extracts and their combination (T4, T5 and T6) were statistically 
similar with T1 in DM accumulation.  
 Similarly during second season, all treatments increased DM from 40 DAS 
onwards reaching its peak at 160 DAS. All treatments except T5 increased DM 
significantly at 160 DAS. The maximum DM accumulation was obtained from T2 
(325 g m-2) which was statistically similar with T9, T8 and T7. The minimum (263 
g m-2) dry matter was produced by T1 which was at par with T5 (276 g m-2). At 
maturity stage (180 DAS) higher DM was observed from T2 (314 g m-2) which was 
at par with T9 (308 g m-2), T8 (307 g m-2) T7 (301 g m-2) and T3 (300 g m-2). The 
lowest values were found from T1 (251 g m-2) which was statistically similar with 
T5 (265 g m-2). 
 Relatively higher levels of DM accumulation were attained during 2009 
compared with 2011. It may be due to better growth conditions particularly 
moisture level at early growth stages of crop (40-100 DAS) which helped faster 
crop growth and higher DM accumulation. Hand weeding (T2), herbicide (T3) and 
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lower doses of herbicide combined with allelopathic crop extracts increased dry 
matter accumulation during both years. The results showed that there was a severe 
competition of weeds with crop in control which decreased DM accumulation 
whereas other treatments reduced this competition which enabled crop to 
accumulate higher biomass. Similar results were reported by Muntal (2006) and 
Hawaldar and Agasimani (2012) who found higher dry matter accumulation from 
weed free and herbicide treated plots compared with check. 
4.2.2.2 Leaf area (cm2) 
A progressive increase in leaf area (LA) was observed from 40 DAS to 120 
DAS during both seasons (Fig. 15 and 16). Maximum leaf area was achieved by 
crop at 120 DAS which declined slowly afterwards. Maximum leaf area was 
attained by T2 at 120 DAS which maintained its higher values uptill 180 DAS 
during the study. The lower leaf area was achieved by T1 throughout crop growth 
period during the study. It may be due to weeds competition for resources. 
Relatively higher LA values were recorded at earlier stages of crop growth (40-60 
DAS) during 2009. This increase may be due to better growth conditions 
particularly moisture availability at crop emergence stage. Higher rainfall (124.4 
mm) was received during first season in March and April whereas 67.2 mm rainfall 
was recorded during 2011 for the same period. 
During first season, the maximum leaf area was measured from T2 (4583 
cm2) followed by T9 (4392 cm2) and T8 (4374 cm2). The minimum leaf area at 120 
DAS was recorded from T1 which was at par with T4, T5 and T6. At 180 DAS, 
hand weeding (T2) again maintained the highest values of LA (2563 cm2) which 
was at par with T8 and T9. 
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Figure 13: Effect of allelopathic extracts and their combinations on dry matter 
accumulation of groundnut during 2009. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 14: Effect of allelopathic extracts and their combinations on dry matter 
accumulation of groundnut during 2011. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 15: Effect of allelopathic extracts and their combinations on leaf area (cm2) 
of groundnut during 2009.  
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 16: Effect of allelopathic extracts and their combinations on leaf area (cm2) 
of groundnut during 2011. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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 During second season, hand weeding gained the maximum LA (4564 cm2) 
followed by T9 (4464 cm2) and T3 (4462 cm2). Statistically similar but lower 
values were obtained from T1, T4 and T5. At 180 DAS, the lowest values (1705.48 
cm2) were retained by T1 which was at par with T4, T5 and T6. The highest values 
were sustained by T2 which was at par with T3 and T9.  
Higher LA values attained by hand weeding (T2), allelopathic extracts 
combined with lower rates of herbicides (T8 and T9) and herbicide at 
recommended rates (T3) may be attributed to lower weeds density and competition. 
Lower values of LA in control treatment may be due to higher weeds density and 
their growth which offered severe competition for resources to crop. These findings 
are in agreement with those of Muntal (2006) and Renukaswamy et al. (2012) who 
recorded higher leaf area in weed free and herbicide treated plots compared with 
weedy check. Ullah et al. (2008) obtained higher leaf area with herbicide 
application over control. 
4.2.2.3 Leaf area index 
Leaf area index (LAI) represents leaf area with respect to ground area. It 
increased steadily from 40 DAS and reached its maximum level at 120 DAS during 
both years (Fig. 17 and 18). Similar with leaf area, its values also dropped after 120 
DAS and lower level was exhibited by the crop at 180 DAS during both seasons. 
Higher LAI was achieved by T2 while the minimum was recorded from T1 during 
study.  
 Leaf area index at early stages (40–60 DAS) was in the range of 0.20 to 
0.31 in different treatments. The highest values of LAI (1.36) were recorded from 
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T2 at 120 DAS which was statistically similar with T8 and T9. Herbicide alone 
(T3) and its lower rates mixed with allelopathic extracts (T7, T8 and T9) achieved 
similar LAI during 2009 at 120 DAS. Higher but statistically similar values of LAI 
were maintained by T2, T8 and T9 at 180 DAS. The minimum (0.505) LAI was 
observed from T1 at 180 DAS.  
During 2011, relatively lower values of LAI were measured at 40–60 DAS 
compared with 2009. It ranged from 0.048 to 0.147 at 40-60 DAS. A rapid increase 
in LAI was observed at 100-120 DAS. The highest LAI was recorded from T2 
(1.352) followed by T9 and T3 (1.32) at 120 DAS. The lowest values were attained 
by T1 (1.128) which was at par with T4 and T5. At maturity higher values of LAI 
were maintained by T2 (0.663) and T3 (0.655). The lowest LAI was recorded from 
T1 (0.505) which was statistically similar with T4, T5 and T6. 
 The results of the experiments revealed that lower LAI recorded from T1 
may be due to weeds infestation and their competition for resources. Weed control 
treatments reduced the competition and thus helped to improve LAI which 
provided larger size of photosynthetic machinery. El-Naim et al. (2011) also 
achieved more LAI of groundnut with weeding. Similarly, Maqbool et al. (2006) 
and Hawaldar and Agasimani (2012) reported more leaf area index from herbicide 
treated and weed free treatments compared with check plots in maize. 
4.2.2.4 Crop growth rate (g m-2 day-1) 
 Crop growth rate (CGR) increased from 40-60 DAS and reached its climax 
at 120-140 DAS, thereafter, it declined to its minimum value at 160-180 DAS 
during both years (Fig. 19 and 20). There was a non significant effect of most of 
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the treatments at different time period on CGR. The highest CGR was recorded 
from T2 and T9 at 120-140 DAS during 2009 and 2011, respectively, which were 
statistically similar with all other treatments except T1. 
 During first season, crop growth rate increased in most of the treatments 
from 40-80 DAS slowly. After 80 DAS, it improved smoothly to reach its 
maximum value at 120-140 DAS (4.25 g m-2 day-1). The maximum CGR was noted 
from T2 (4.25 g m-2 day-1) which was statistically at par with all treatments except 
T1 (3.78 g m-2 day-1). It decreased at 160 DAS and reached its minimum level (-
0.579 g m-2 day-1) at 180 DAS. A non significant difference was exhibited by all 
treatments in CGR at 180 DAS.  
 During 2011, crop growth rate increased smoothly from 40 DAS and gained 
maximum values at 140 DAS (4.55 g m-2 day-1). It declined after 140 days and 
reached its minimum level at 180 DAS (-0.619 g m-2 day-1). There was a non 
significant effect of treatments on CGR from 40 to 80 DAS. Generally, higher 
CGR was recorded from T2 which was similar with most of the treatments but 
significantly different from T1. Control treatment showed the lowest values for 
CGR compared with all other treatments. Higher values of CGR from weed control 
treatments may be due to reduced competition for resources and improved crop 
growth. Maqbool et al. (2006) and Renukaswamy (2012) recorded faster crop 
growth rates from weed free and herbicide applied plots compared with weedy 
plots.  
4.2.2.5 Net assimilation rate (g m-2 day-1) 
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Figure 17: Effect of allelopathic extracts and their combinations on leaf area index 
of groundnut during 2009. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 18: Effect of allelopathic extracts and their combinations on leaf area index 
of groundnut during 2011. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 19: Effect of allelopathic extracts and their combinations on CGR of 
groundnut during 2009. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 20: Effect of allelopathic extracts and their combinations CGR of groundnut 
during 2011. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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 More or less decreasing trend in net assimilation rate (NAR) was examined 
from 40 to 180 DAS during both seasons (Fig. 21 and 22). The highest NAR was 
recorded at 40-60 DAS which decreased slowly and reached its minimum level at 
crop maturity (160-180 DAS). Higher NAR values were recorded during 2009 at 
earlier stages (40-60 DAS). It may be due to more dry matter accumulation of crop 
per unit leaf area.  
 There was a non significant effect of weed control treatments on NAR 
during 2009, however, the maximum NAR was recorded at 40-60 DAS (6.49 g m-2 
day-1) which decreased progressively and reached its minimum (-0.84 g m-2 day-1) 
values at 160-180 DAS.  
 Similarly, non significant effect of different treatment was noted on NAR 
during 2011 from 40-180 DAS. The maximum (5.56 g m-2 day-1) NAR was 
recorded at 40-60 DAS decreasing continuously to reach its minimum (-0.894 g m-2 
day-1) value at 180 DAS.  
Although most of the treatments were statistically similar with control at 180 DAS 
yet higher values of NAR were recorded from weed control treatments than 
standard check. Renukaswamy et al. (2012) observed higher NAR values from 
weed free treatments as compared with weedy check. 
4.2.2.6 Relative growth rate (g g-1 day-1) 
 There was a non significant effect of different treatments upon relative 
growth rate (RGR) during both seasons from 40 to 180 DAS (Fig. 23 and 24). It 
decreased from 40-60 DAS to 60-80 DAS, a small rising trend was observed at 80 
100 DAS, and again it declined and reached its minimum level at 160-180.  
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Figure 21: Effect of allelopathic extracts and their combinations on NAR of 
groundnut during 2009. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 22: Effect of allelopathic extracts and their combinations on NAR of 
groundnut during 2011. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 23: Effect of allelopathic extracts and their combinations on RGR of 
groundnut during 2009. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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Figure 24: Effect of allelopathic extracts and their combinations on RGR of 
groundnut during 2011. 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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 The maximum RGR (0.036 g g-1 day-1) was recorded at 40-80 DAS from 
T7 which was at par with all treatments during 2009. It decreased at 60-80 DAS 
and rose again to higher level at 80 -100 DAS. After maintaining level for 20 days 
it decreased and attained the minimum values (-0.0012 g g-1 day-1) at 180 DAS.  
During 2011, more or less similar RGR values were recorded at 40-100 
DAS. After 100 DAS, a declining trend was observed which continued up till 180 
DAS. The minimum RGR (-0.0024 g g-1 day-1) values were recorded from T1 at 
180 DAS. Minimum values of RGR were also reported by Ghamari and 
Ahmadvand (2013) from weedy check when compared with weed control 
treatments. 
4.2.2.7 Plant population 
 Plant population at maturity has a dominant role on final yield of a crop. It 
was counted to determine phytotoxicity of weed control treatments on the crop. 
The data revealed that there was no significant effect of treatments on final plant 
population at maturity during both years (Table 47). The findings of present study 
are in support to earlier conclusion of Aslam (2001) and Hussain (2002) who 
reported that allelopathic crop extracts were species specific and had no effect on 
final plant population. 
4.2.2.8 Numbers of pods/plant 
 The data depicted in table 48 showed that weed control treatments 
improved number of pods/plant during both years, however, the effect of 
treatments was non significant during first season. However, effects reached to 
level of significance during second season in which T2 produced maximum 
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number of pods which was statistically at par with T3, T7, T8 and T9. Relatively 
higher numbers of pods were obtained during 2009 as compared to 2011. It may be 
due to better crop establishment and growth which favoured higher biomass 
accumulation during first season. 
 Allelopathic extracts alone (T4 and T5) produced statistically similar 
number of pods/plant compared with T1, however, their combination with each 
other or with lower doses of herbicides increased pods/plant during second year. 
Increase in number of pods/plant in these treatments can be attributed to inhibition 
of weeds density and biomass. Hand weeding decreased weeds to the maximum 
level and also produced the highest number of pods/plant during both years. 
Similar results were obtained by El-Naim and Eldouma (2011), and El-Naim et al. 
(2011) who reported weed control in groundnut increased number of pods/plant. 
Abouziena et al. (2013) concluded that uncontrolled weeds in groundnut reduced 
number of pods per plant. 
4.2.2.9 Number of kernels/pod 
 Most of the treatments produced statistically similar number of Kernels/pod 
compared with control (T1), however, hand weeding (T2) achieved the highest 
numbers during both years (Table 49). These were observed in the range of 1.5 to 
1.82 Kernels/pod.  
 During 2009, the maximum numbers of kernels/pod (1.70) were obtained 
from T2 which were similar with all other treatments except control (T1). The 
minimum numbers of kernels were exhibited by T1. 
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Table 47: Effect of weed control treatments on plant population of groundnut at 
harvesting 
Treatments 2009 2011 
T1 Control (weedy Check) 12.53 13.08 
T2 Hand Weeding 12.57 12.92 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray at 30 
DAS 
12.81 13.10 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 spray 
at 30 and 50 DAS 
12.33 12.45 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 DAS 12.81 12.52 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 at 30 
and 50 DAS 
12.81 12.09 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
13.02 12.11 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
12.57 12.22 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
12.33 12.06 
LSD at α 5% NS NS 
Means having common letters reflect non significance at α = 5%. 
 
Table 48: Effect of weed control treatments on number of pods/plant of groundnut 
 
Treatments 2009 2011 
T1 Control (weedy Check) 13.65 b 10.95 d 
T2 Hand Weeding 15.90 a 13.15 a 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray at 
30 DAS 
15.10 ab 12.5 abc 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
14.35 ab 11.90 bcd 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
14.10 ab 11.60 cd 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 at 
30 and 50 DAS 
14.50 ab 11.95 bc 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
14.80 ab 12.30 abc 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
15.20 ab 12.75 ab 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
15.40 ab 12.85 ab 
LSD at α 5% 1.81 0.97 
Means having common letters reflect non significance at α = 5%. 
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 During 2011, the maximum number (1.82) was also achieved by T2 which 
was at par with T3, T8 and T9. The minimum number (1.50) was recorded from T1 
which gave similar kernels/pod as produced by T4 and T5. 
 The higher number of kernels/pod from weed control treatments may be 
due to weed reduction which helped to divert more resources towards kernel 
formation. Similarly, Khaliq et al. (2002) described hand weeding, herbicide 
application and mixtures of herbicides with sorgaab increased number of 
grains/pod in mungbean. Similarly Chattha et al. (2007) concluded that weed 
management in mungbean enhanced number of seeds/pod. Tanveer et al. (2005) 
also achieved higher number of seeds/pod in canola by controlling weeds with pre 
emergence herbicides. 
4.2.2.10 Hundred kernel weight (g) 
 The data regarding 100 kernel weight presented in table 50 showed non 
significant effect of treatments on 100 kernel weight during first year and most of 
the treatments achieved similar 100 kernels weight during second season. Sultana 
et al. (2009) found non significant effect of weeding on 1000 seed weight in 
mungbean. Relatively heavier kernels were obtained during second season 
compared with first. It may be due to less number of pods/plant during second 
season which diverted more photosynthates to individual kernels.  
The lowest 100 kernel weight was examined from untreated control 
treatment due to heavy weed infestation and competition of crop with weeds. The 
heaviest grains (54.05 g) were obtained from hand weeding (T2) which was at par 
with T6, T7, T8 and T9. Heavier grains in weed control treatments may be due to  
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Table 49: Effect of weed control treatments on number of kernels/pod 
Treatments 2009 2011 
T1 Control (weedy Check) 1.50 b 1.50 c 
T2 Hand Weeding 1.70 a 1.82 a 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
1.63 ab 1.70 ab 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
1.55 ab 1.60 bc 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
1.55 ab 1.60 bc 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
1.60 ab 1.65 b 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
1.60 ab 1.68 b 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
1.63 ab 1.70 ab 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
1.65 ab 1.73 ab 
LSD at α 5% 0.18 0.13 
Means having common letters reflect non significance at α = 5%. 
Table 50: Effect of weed control treatments on 100 kernel weight (g) 
Treatments 2009 2011 
T1 Control (weedy Check) 50.78 51.83 c 
T2 Hand Weeding 52.45 54.05 a 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray at 
30 DAS 
51.97 53.72 ab 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
51.45 52.40 bc 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
51.35 51.85 c 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 at 
30 and 50 DAS 
51.70 52.85 abc 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
51.72 53.13 abc 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
52.33 53.40 ab 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
52.38 53.83 ab 
LSD at α 5% NS 1.46 
Means having common letters reflect non significance at α = 5%. 
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weeds suppression. Kanagam and Chinnamuthu (2009) and Dubey et al. (2010) 
obtained improvement in 100 kernel weight of groundnut by managing weeds with 
hand weeding and herbicide application.  
4.2.2.11 Pods yield (kg ha-1) 
 Weed control treatments enhanced pods yield over control during both 
years. It ranged from 1006 to 1527 kg ha-1 during study (Table 51). The maximum 
pods yield was recorded from T2 during both seasons. Higher yields were obtained 
during first season than second which may be due to better crop growth and more 
pods number/area.  
 During 2009, hand weeding (T2) out yielded (1526.95 kg ha-1) rest of the 
treatments followed by T9 (1409.38 kg ha-1), T8 (1377.94 kg ha-1) and T3 (1372.63 
kg ha-1). Allelopathic extracts improved yields but lower than herbicide and its 
mixtures with extracts.  
 All treatments improved pod yields over control during 2011. Hand 
weeding produced the highest pod yields (1401 kg ha-1) followed by T9 and T8. 
The lowest pods yield was observed from control (T1) due to higher weeds density 
and biomass.  
 Better yields from weed control treatments were achieved due to higher 
pods/plant, Kernels/pod and 100 Kernel weight compared with control. The 
findings are in coincidence with those of Khan et al. (2011) who found higher seed 
yields of mungbean with herbicide application and hand weeding. Higher pod 
yields were obtained from weed free plots followed by usage of metolachlor (pre-
em) compared with weedy check (Kanagum and Chinnamuthu, 2009). Similarly, 
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Kumar (2009) and Chandolia et al. (2010) obtained higher yields with application 
of herbicides, hand weeding and their integration as compared with weedy control. 
Pendimethalin @ 1.0 kg a.i. ha-1 (pre-em) and Imazethapyr @ 75 g a.i. ha-1 at 15 
DAS enhanced pods yield of groundnut (Bhale et al., 2012). 
4.2.2.12 Biological yield (kg ha-1) 
 Data presented in table 52 showed most of the treatments produced 
significantly higher biological yields than weedy check during both years. 
Generally more biological yields were obtained during first than second season. 
This may be due to better cop growth rate and dry matter accumulation during first 
year particularly at early crop growth stages. 
 The highest biological yields (4632.9 kg ha-1) were obtained from T2 
followed by T3, T8 and T9 which were statistically similar with each other during 
2009. Although allelopathic extracts improved biological yields but it was at par 
with control (T1) 
 During 2011, hand weeding (T2) achieved the highest biological yields 
(3441 kg ha-1) and it was at par with T3, T7, T8 and T9. The lowest biological 
yields (2693 kg ha-1) were obtained from T1 due to heavy weeds infestation. 
 Higher yields in weed control treatments may be due to lower weeds 
density resulting less competition with groundnut plants. The results are similar 
with those of Khan et al. (2012) who described that allelopathic water extracts, 
atrazine and combination of reduced rates of atrazine with extracts enhanced 
biological yields in maize. Gul et al. (2009) also recorded highest and lowest 
biological yields of maize from hand weeding and weedy check. Weed free  
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Table 51: Effect of weed control treatments on pods yield (kg ha-1) 
Treatments 2009 2011 
T1 Control (weedy Check) 1137.01 f 1005.89 f 
T2 Hand Weeding 1526.95 a 1401.06 a 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 
spray at 30 DAS 
1372.63 bc 1321.89 
bc 
T4 Concentrated (Conc.) barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS 
1245.56 de 1142.94 e 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 
50 DAS 
1207.51 ef 1085.83 e 
T6 Conc. barley + brassica water extract @ 10+10 L 
ha-1 at 30 and 50 DAS 
1272.64 cde 1224.22 d 
T7 Conc. barley + brassica water extract @ 10+10 L 
ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 
DAS 
1338.32 bcd 1272.67 
cd 
T8 Conc. barley + brassica water extract @ 10+10 L 
ha-1 + Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 
DAS 
1377.94 b 1354.78 
ab 
T9 Conc. barley + brassica water extract @ 10+10 L 
ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 
DAS 
1409.38 b 1368.28 
ab 
LSD at α 5% 101.09 70.82 
Means having common letters reflect non significance at α = 5%. 
Table 52: Effect of weed control treatments on biological yield (kg ha-1) 
Treatments 2009 2011 
T1 Control (weedy Check) 3951.58 c 2693.35 d 
T2 Hand Weeding 4632.9 a 3441.00 a 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
4374.07 ab 3275.92 
ab 
T4 Concentrated (Conc.) barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS 
4102.31 bc 3005.18 c 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 
50 DAS 
4135.14 bc 2861.16 
cd 
T6 Conc. barley + brassica water extract @ 10+10 L ha-
1 at 30 and 50 DAS 
4195.39 bc 3216.84 b 
T7 Conc. barley + brassica water extract @ 10+10 L ha-
1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
4272.25 bc 3287.24 
ab 
T8 Conc. barley + brassica water extract @ 10+10 L ha-
1 + Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
4315.57 ab 3350.46 
ab 
T9 Conc. barley + brassica water extract @ 10+10 L ha-
1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
4296.42 ab 3363.99 
ab 
LSD at α 5% 342.15 179.11 
Means having common letters reflect non significance at α = 5%. 
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treatments produced the highest while weedy plots the lowest biological yields of 
rice (Motisham et al., 2013) and sesame (Ijlal et al., 2011). 
4.2.2.13 Harvest index (%) 
 Harvest index (HI) describes conversion of biomass into economic parts. 
The results shown in table 53 revealed that most of the treatments increased harvest 
index as compared with control during both seasons (2009 and 2011). Higher 
values of HI were recorded during 2011 compared with 2009. It may be due to 
excessive vegetative growth during first season owing to better crop growth rate. 
During 2011, more photosynthates were diverted to economic parts (pods). 
 The highest harvest index values (32.93%) were calculated from T2 which 
was at par with T3, T7, T8 and T9 during 2009. Crop extracts (T4, T5, T6) gave 
statistically similar harvest index as that of control. 
 During 2011, the highest harvest index (40.71%) was again obtained from 
T2 and it was similar with T3, T8 and T9. Crop extracts were again at par with 
control (T1)  
 Higher values of HI reflected efficient conversion of biological yield into 
economic parts. The lowest values of harvest index were obtained from T1 (28.81 
and 37.35%) during both seasons. It may be due to more weeds population and 
high competition for resources to synthesize assimilates to be translocated towards 
pods. Weed control with herbicide and hand weeding increased harvest index of 
groundnut. Similarly, El-Naim et al. (2011) achieved the maximum harvest index 
in groundnut with twice hand weeding. Munsif et al. (2009) argued that the highest 
HI values were obtained with hand weeding followed by herbicide while the 
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minimum values were obtained from weedy check in maize. Similarly, Riaz et al. 
(2007) reported that weed control in maize improved HI. The lowest values of HI 
in mungbean were achieved from weedy check which was improved with hand 
weeding, chemical and mechanical weed control (Chattha et al., 2007). Herbicides 
(pendimethalin and s- metolachlor) alone or their reduced doses mixed with 
sorgaab and hand weeding enhanced HI in mungbean (Khaliq et al., 2002). 
4.2.2.14 Oil contents (%) 
 A non significant effect of different treatments was observed on oil contents 
of groundnut during both seasons (Table 54). Oil contents of groundnut in various 
treatments ranged from 47.91 to 50.31%. Our findings are in confirmation with 
those of Agasimani et al. (2010); Muntal, (2006) and Ahmed et al. (2008) who 
concluded that weed control treatments including herbicides produced non 
significant influence on oil contents of groundnut compared with weedy check.  
4.2.2.15 Economic analysis 
 All treatments increased net benefits over control. Higher benefits were 
recorded during 2009 compared with 2011 due to higher pod yields. The highest 
net benefits were obtained from T9 followed by T8 during both years.  
 During 2009, the highest net benefits (Rs.73663) were calculated from T9 
(Table 55) followed by T8 (Rs.72496) and T2 (Rs.71955). The lowest benefits 
were obtained from T1 (Rs.61398).  
Similarly, during second season the highest (Rs.71443) and the lowest 
(Rs.54318) net benefits were achieved from T9 and T1, respectively (Table 56). 
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Table 53: Effect of weed control treatments on harvest index (%) of groundnut 
Treatments 2009 2011 
T1 Control (weedy Check) 28.81 c 37.35 c 
T2 Hand Weeding 32.93 a 40.71 a 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
31.38 ab 40.35 a 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
30.39 bc 38.03 bc 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
29.18 c 37.97 bc 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
30.41 bc 38.06 bc 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
31.35 ab 38.72 b 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
31.97 ab 40.44 a 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
32.82 a 40.67 a  
LSD at α 5% 1.84 0.77 
Means having common letters reflect non significance at α = 5%. 
Table 54: Effect of weed control treatments on oil contents (%) of groundnut 
Treatments 2009 2011 
T1 Control (weedy Check) 49.17 49.48 
T2 Hand Weeding 49.02 48.99 
T3 Haloxyfop (Percept®) 10.8 EC@ 108 g a.i. ha-1 spray 
at 30 DAS 
50.07 47.91 
T4 Concentrated (Conc.) barley water extract @ 20 L ha-1 
spray at 30 and 50 DAS 
49.05 48.07 
T5 Conc. brassica water extract @ 20 L ha-1 at 30 and 50 
DAS 
50.47 48.53 
T6 Conc. barley + brassica water extract @ 10+10 L ha-1 
at 30 and 50 DAS 
50.20 48.72 
T7 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS 
49.81 48.90 
T8 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS 
50.31 49.54 
T9 Conc. barley + brassica water extract @ 10+10 L ha-1 
+ Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS 
48.78 48.90 
LSD at α 5% NS NS 
Means having common letters reflect non significance at α = 5%. 
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 The differences in net benefit were due to variation in pods yields and cost 
that incurred for production of the commodity. Iqbal et al. (2009) described 
allelopathic crop water extracts (Sorgaab and sunflower aqueous extracts each @ 
18 L ha-1) mixed with lower rates of glyphosate (767 g a.e. ha-1) achieved higher 
net benefits than its recommended rate (2.3 Kg a.e. ha-1). Riaz et al. (2007) found 
that all weed control treatments increased net benefits. Chemical and mechanical 
methods integrated with hand weeding gave higher net benefits in maize.  
4.2.2.16 Marginal analysis 
Marginal analysis determines the viability of any treatment under given 
conditions. Marginal rate of return (MRR) varied from 37 to 943% during both 
years. All treatments except T7, T8 and T9 were dominated due to higher costs. 
Data shown in table 57 elucidated that the highest marginal rate of return was 
obtained from T7 (687%) followed by T8 (302.7%) and T9 (219.58) during 2009. 
Other treatments were dominated because of lower marginal benefits.  
Similarly, during 2011, maximum marginal rate of return (943%) was 
recorded from T7 (Table 58) followed by T8 (734.62%) and T9 (37.22%). Other 
treatments were non profitable due to higher marginal cost. 
The parallel results were obtained by Iqbal et al. (2009) who found that 
sorgaab+sunflower extracts each @ 18 L ha-1+ glyphosate @ 767 g and 575 g a.e. 
ha-1 gave higher marginal rate of returns while label dose of glyphosate (2.3 kg a.e. 
ha-1) was dominated due to higher marginal costs. Pendimethalin and s-metolachlor 
full doses were dominated while their mixtures with sorgaab gave higher MRR in 
mungbean (Khaliq et al., 2002). 
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Table 55: Economic Analysis of groundnut 2009 
Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 Remarks 
Total pods yield 1137.0 1526.9 1372.6 1245.6 1207.5 1272.6 1338.3 1377.9 1409.4 Kg ha-1 
10 percent less 113.7 152.7 137.3 124.6 120.8 127.3 133.8 137.8 140.9 Kg ha-1 
Adjusted yield 1023.3 1374.3 1235.4 1121.0 1086.8 1145.4 1204.5 1240.2 1268.4 
To bring at farmers 
level 
Gross income 61398 82455 74122 67260 65206 68722.6 72269.3 74409 76106.4 Rs.60 kg-1 
Hand weeding 0 10500 0 0 0 0 0 0 0 
30 man day ha-1, 
Rs.350/man day 
Cost of herbicide 0 0 2125 0 0 0 531.2 1062.5 1593.8 Rs. 2125/108 g a.i. 
Cost of water 
extracts 0 0 0 1100 900 1000 500 500 500 
Rs. 27.5 & 22.5 L-1 
BWE & BrasWE 
Sprayer rent 0 0 50 100 100 100 50 50 50 Rs.50/spray 
Spray labour 0 0 300 600 600 600 300 300 300 Rs.300 ha-1 
Cost that vary 0 10500 2475 1800 1600 1700 1381.2 1912.5 2443.8 Rs. Ha-1 
Net benefit 61398 71955 71647 65460 63606 67023 70888 72496 73663 Rs. Ha-1 
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Table 56: Economic Analysis of groundnut 2011 
Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 Remarks 
Total pods yield 1005.9 1401.1 1321.9 1142.9 1085.8 1224.2 1272.7 1354.8 1368.3 Kg ha-1 
10 percent less 100.6 140.1 132.2 114.3 108.6 122.4 127.3 135.5 136.8 Kg ha-1 
Adjusted yield 905.3 1261.0 1189.7 1028.6 977.2 1101.8 1145.4 1219.3 1231.4 
To bring at farmers 
level 
Gross income 54318 75657 71382 61719 58635 66108 68724 73158 73887 Rs.60 kg-1 
Hand weeding 0 10500 0 0 0 0 0 0 0 
30 man day ha-1, 
Rs.350/man day 
Cost of herbicide 0 0 2125 0 0 0 531.2 1062.5 1593.8 Rs. 2125/108 g a.i. 
Cost of water 
extracts 0 0 0 1100 900 1000 500 500 500 
Rs. 27.5 & 22.5 L-1 
BWE & BrasWE 
Sprayer rent 0 0 50 100 100 100 50 50 50 Rs.50/spray 
Spray labour 0 0 300 600 600 600 300 300 300 Rs.300 ha-1 
Cost that vary 0 10500 2475 1800 1600 1700 1381.2 1912.5 2443.8 Rs. ha-1 
Net benefit 54318 65157 68907 59919 57035 64408 67343 71246 71443 Rs. ha-1 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC @ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated 
barley water extract @ 20 L ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 spray at 30 and 50 DAS, T6 
Concentrated barley + brassica water extract spray at 10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 Concentrated barley + brassica water extract at 10+10 L ha-1 + 
Haloxyfop 10.8 EC @ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 
EC @ 81 g a.i. ha-1 spray at 30 DAS. 
BWE: Barley water extract; BrasWE: Brassica water extract 
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Table 57: Marginal Analysis 2009 
Treatments Cost that 
vary (Rs.) 
Net 
benefit 
(Rs.) 
Marginal 
cost (Rs.) 
Marginal net 
benefit (Rs.) 
Marginal rate 
of return (%) 
T1 0 61398 - - - 
T7 1381.2 70888 1381.2 9490 687.08 
T5 1600 63606 - - - 
T6 1700 67023 - - - 
T4 1800 65460 - - - 
T8 1912.5 72496 531.3 1608 302.65 
T9 2443.8 73663 531.3 1167 219.73 
T3 2475 71647 - - - 
T2 10500 71955 - - - 
 
Table 58: Marginal Analysis 2011 
Treatments Cost that 
vary (Rs.) 
Net 
benefit 
(Rs.) 
Marginal 
cost (Rs.) 
Marginal net 
benefit (Rs.) 
Marginal rate 
of return (%) 
T1 0 54318 - - - 
T7 1381.2 67343 1381.2 13025 943.02 
T5 1600 57035 - - - 
T6 1700 64408 - - - 
T4 1800 59919 - - - 
T8 1912.5 71246 531.3 3903 734.61 
T9 2443.8 71443 531.3 197 37.08 
T3 2475 68907 - - - 
T2 10500 65157 - - - 
T1 Control (weedy Check), T2 Hand Weeding, T3 Haloxyfop (Percept®) 10.8 EC 
@ 108 g a.i. ha-1 spray at 30 DAS, T4 Concentrated barley water extract @ 20 L 
ha-1 spray at 30 and 50 DAS, T5 Concentrated brassica water extract @ 20 L ha-1 
spray at 30 and 50 DAS, T6 Concentrated barley + brassica water extract spray at 
10+10 L ha-1 at 30 and 50 DAS, T7 Concentrated barley + brassica water extract at 
10+10 L ha-1 + Haloxyfop 10.8 EC @ 27 g a.i. ha-1 spray at 30 DAS, T8 
Concentrated barley + brassica water extract at 10+10 L ha-1 + Haloxyfop 10.8 EC 
@ 54 g a.i. ha-1 spray at 30 DAS, T9 Concentrated barley + brassica water extract 
at 10+10 L ha-1 + Haloxyfop 10.8 EC @ 81 g a.i. ha-1 spray at 30 DAS. 
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GENERAL DISCUSSION 
Weeds compete for resources available to crops. Their timely management 
enables plants for better and efficient utilization of resources. Weeds are being 
managed in different ways. Use of allelopathic crops water extracts has proved its 
success. Sorghum and sunflower water extracts decreased individual and total 
weeds density in rainfed wheat due to inhibitory allelochemicals. Combination of 
these extracts improved their allelopathic effects possibly due to synergistic effects 
of allelochemicals found in the crops (Ashraf and Naeem, 2005). Crop water 
extracts efficacy to control weeds increased by their combination with Atlantis® 3.6 
WG. Crop extracts either applied alone (Cheema et al., 2002 a; Naseem et al., 
2009), or in combination with each other or with Atlantis® 3.6 WG decreased 
individual and total weeds fresh and dry weights. Sorghum and sunflower water 
extracts mixed with 50-75% rates of Atlantis® 3.6 WG inhibited weeds equivalent 
to full herbicide dose. It reflected that herbicide usage may be reduced by 
combining it with allelopathic extracts. 
In present study, sorghum and sunflower water extracts combined with 50-
75% dose of Atlantis® 3.6 WG produced wheat yield equivalent to hand weeding 
and full rates of herbicide. A negative correlation having determination coefficients 
of 0.84 and 0.92 was observed between weeds biomass and grain yields during 
study (Fig. 25, 26). Grain protein contents showed positive and grain starch 
contents negative correlation with weeds biomass (Fig. 27 and 28). Jamil (2004) 
also recorded positive correlations between weeds biomass and starch contents of 
wheat grains while negative between weeds biomass and grain yields in previous 
studies. Economic analysis demonstrated that the highest net benefits were 
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achieved by allelopathic crop water extracts combined with 75% rates of Atlantis® 
3.6 WG (10.8 g a.i. ha-1). Although hand weeding produced the maximum yields 
but it was uneconomical due to higher labour costs. Marginal analysis showed 
combination of allelopathic extracts with lower rates of Atlantis® 3.6 WG gave 
higher MRR but other treatments were not profitable due to lower marginal net 
benefits. 
Barley and brassica water extract applied sole or their combination 
decreased weeds fresh and dry weight of individual and total weeds in groundnut 
during the study. Weeds density was decreased a little by the extracts. Similar 
views presented by Jamil, (2004) about response of weeds densities against 
extracts. Combined extracts had stronger inhibitory effect on weeds biomass than 
their sole extracts (Ashraf and Naeem, 2005). Haloxyfop 10.8 EC @ 108 g a.i. ha-1 
decreased total weeds density and biomass by 33-38% and 13-26%. Less 
suppressive effect observed with application of herbicide was due to herbicide 
tolerant weed species especially big cord grass (Desmostachya bipinnata (L.) 
Stapf) and puncture vine (Tribulus terristris L.). Allelopathic extracts combined 
with lower rates of haloxyfop 10.8 EC improved suppressive effects of 
allelochemicals and similar or even better weed control was observed in these 
treatments compared with full dose of haloxyfop 10.8 EC (108 g a.i. ha-1). A strong 
negative relationship with 0.65 and 0.73 coefficients of determination was 
observed between total weeds dry weight and pods yield during 2009 and 2011 
(Fig. 29, 30). Barley and brassica water extracts combined with reduced rates of 
haloxyfop 10.8 EC produced similar pods yield of groundnut compared with 
recommended rate of the herbicide. Similar response of combined application of 
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extracts with herbicides was noted on canola by Jabran et al. (2010). Hand weeding 
gave the maximum pods yield during study but it was uneconomical treatment due 
to higher labour costs. Economic analysis revealed that the highest net benefits 
were obtained from barley and brassica water extracts mixed with 75% rates of 
haloxyfop 10.8 EC. Marginal analysis showed that all treatments except 
combination of allelopathic extracts with lower rates of haloxyfop were dominated 
due to lower net benefits.  
Herbicides application suppressed total weeds density and biomass lower 
than most of the earlier reports (Singh et al., 2009 and Razzaq et al., 2012) may be 
due to availability of moisture as earlier studies were conducted under irrigated 
system. Most of the previous research on weed control was conducted under 
irrigated conditions where moisture availability was not a limiting factor but it was 
different case under rainfed conditions where moisture availability is a major 
problem towards herbicide application and its efficacy. Allelopathic extracts in 
combination with reduced rates of herbicides performed better and hence may be 
used to control weeds under rainfed conditions. 
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Figure 25: Relationship between total weeds dry weight (g m-2) and wheat grain 
yield (kg ha-1) during 2009-10. 
 
 
Figure 26: Relationship between total weeds dry weight (g m-2) and wheat grain 
yield (kg ha-1) during 2010-11. 
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Figure 27: Relationship between total weeds dry weight (g m-2) and wheat grain 
protein and starch contents (%) during 2009-10. 
 
Figure 28: Relationship between total weeds dry weight (g m-2) and wheat grain 
protein and starch contents (%) during 2010-11. 
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Figure 29: Relationship between total weeds dry weight (g m-2) and groundnut 
pods yield (kg ha-1) during 2009. 
 
Figure 30: Relationship between total weeds dry weight (g m-2) and groundnut 
pods yield (kg ha-1) during 2011. 
172 
 
SUMMARY 
To determine effects of allelopathic crops water extracts and their 
combinations with herbicides, field experiments were conducted on wheat and 
groundnut crops under rainfed conditions at Pir Mehr Ali Shah Arid Agriculture 
University, Research Farm, Chakwal Road, during 2009-2011. 
Weed control treatments reduced total weeds density, fresh and dry weights 
of weeds during both years in wheat crop. Hand weeding was the most effective 
treatment in controlling weeds. It declined total weeds density, fresh and dry 
weights by 78-84%, 83-86% and 84-87%, respectively. It was followed by 
Atlantis® 3.6 WG (mesosulfuron + iodosulfuron) @ 10.8 g a.i. ha-1 combined with 
sunflower and sorghum extracts which decreased weeds density, fresh and dry 
weights of total weeds by 59-70%, 61-62% and 55-63%, respectively. Atlantis® 
3.60 WG @ 14.40 g a.i. ha-1 suppressed these parameters by 59-60%, 52-53% and 
52-58%. Allelopathic crops (sorghum and sunflower) extracts alone and their 
mutual mixture reduced these weeds parameters by 23-30%, 21-31% and 21-32%, 
respectively. Combinations of crop extracts with lower rates of herbicide 
suppressed total weeds dynamics by 42-70%, 38-62% and 37-63%, respectively.  
Higher values of leaf area, leaf area index, total dry matter accumulation, 
crop growth rate (CGR), net assimilation rate (NAR) and relative growth rate 
(RGR) were recorded from T2 (hand weeding), T3 (Atlantis® 3.60 WG @ 14.40 g 
a.i. ha-1) and T9 (Sorghum + sunflower extracts + Atlantis® 3.60 WG @ 10.80 g 
a.i. ha-1). These treatments also acquired more fertile tillers per m2, more grains per 
spike and ultimately elevated grain yields. Hand weeding and herbicide application 
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at its recommended rate increased wheat yields by 31-38% and 25-31%, 
respectively. Allelopathic extracts and their mixture improved it by 3-15% while 
combination of extracts with lower herbicide rates increased grains yield by 19-
36%. Crop extracts mixed with 75% reduced herbicide dose improved yields by 
34-46% during both seasons which was comparable with herbicide at full dose and 
hand weeding.  
Economic and marginal analyses revealed that crop extracts mixed with 
75% reduced rates of herbicide gave the highest net benefits. Allelopathic extracts 
mixed with lower rates of Atlantis® 3.6 WG gave higher (423-532%) marginal rate 
of return (MRR). 
Different weed control treatments also decreased weeds dynamics in 
groundnut during both seasons. Hand weeding was again the most effective 
treatment in controlling weeds. It decreased total weeds density, fresh and dry 
weights by 60-65%, 67-80% and 66-81%, respectively. Herbicide application at 
full rates, allelopathic crops extracts (barley and brassica) and their mixtures with 
reduced herbicide doses decreased total weeds density by 33-38%, 1-16% and 18-
39%, total weeds fresh weight by 12-25%, 5-19% and 14-36% and total weeds dry 
weights by 13-26%, 6-20% and 14-38%, respectively. Mixture of 75% dose of 
herbicide (Haloxyfop 10.8 EC) with allelopathic crops extracts reduced total weeds 
density, fresh and dry weights by 39%, 19-36% and 19-38%, respectively.  
Hand weeding, full dose of herbicide and 75% herbicide rate mixed with 
allelopathic extracts enhanced leaf area, leaf area index, total dry matter 
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accumulation, number of pods per plant, kernels per pod and pods yield. Crop 
extracts also improved pods yield.  
The maximum pods yields were recorded from hand weeding (1526 kg ha-1) 
followed by crop extracts mixed with 75% dose of herbicide (1409 kg ha-1). Oil 
contents were not affected significantly by different weeds control treatments. 
Economic and marginal analyses showed higher net returns from lower herbicide 
doses combined with allelopathic crops water extracts. These treatments gave 37-
943% MRR values but remaining treatments were not profitable due to higher 
variable costs.  
CONCLUSION 
Following results can be concluded from the studies. 
1 Allelopathic crop extracts have potential to decrease weeds biomass and 
increase crop yields. 
2 Combination of allelopathic crop extracts with low herbicide rates 
decreased weeds dynamics and improved crop yields comparable with 
recommended rates of herbicides. 
3 Allelopathic crop extracts mixed with 50-75% dose of herbicides can be 
used for economical weed control in wheat and groundnut. 
FUTURE SUGGESTIONS 
1 Combinations of various allelopathic crop extracts and available herbicides 
in rainfed area may be studied to manage weeds. Incorporation of 
175 
 
allelopathic crops in cropping sequence may be investigated to reduce 
weeds problem in rainfed conditions. 
2 Isolation of allelochemicals, their identification, synthesis, mode of action 
and fate of the chemicals in plants and soil may be hot topics in future 
under rainfed system. 
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